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PREFACE TO FOURTH EDITION 


' In preparing the material for this, the Fourth Edition, the problem 
of keeping the book from becoming too bulky for convenient use 
has been more difficult than ever. The many new standards and 
practices that have come into use since the last edition, and that 
require much space, have added to the task. As many of these 
have replaced old tables, it has been possible to give much new 
material without adding materially to the total number of pages. 

These new tables show the very latest shop practices that provide 
standard tolerances for screw threads for fits of various kinds and 
for gages with which they are inspected. They represent a great 
forward step in accurate machine work and eliminate many oppor- 
tunities for misunderstanding. They should be carefully studied 
by all interested in good workmanship and in modern manu- 
facturing. 

But while the size of the Handbook has not been materially 
increased and much of the old book remains, it has all been care- 
fully revised, and there is so much new material which was not 
formerly available that it is a new edition in every sense of the 
word. 
| We have been greatly aided in the past by friendly criticism 
and helpful suggestions from users of the Handbook and we 
sincerely trust these may be continued in the future. 


THE AUTHORS. 
June, 1926. 


PREFACE TO THIRD EDITION 


Eacu revision becomes harder because of our desire to keep 
the number of pages down so as to avoid making a bulky book, 
This means a careful consideration of pages that may be omitted 
to make room for newer and more convenient data. For though 
this edition totals but seventy-seven pages ‘more than the last, 
much more new material than this has been added in several 
important sections. 

Users of the Handbook have continued their kindness in suggest- 
ing changes and additions to the contents. These are all appreci- 
ated and they will, we trust, continue as before. 


Tue AuTHORS. 
March, 1920. 


PREFACE TO SECOND EDITION 


Ever since the first printing of this book, the authors have been 
studying ways and means of making it better, and the addition of 
one hundred and sixty pages by no means gives an adequate idea 
of the extent to which it has been revised. 

Each section has been carefully studied to make it cover the 
changed and changing conditions of shop and drawing-room work 
in the hope of making it even more valuable than before. 

Many of the changes have been due to suggestions made by users 
of the Handbook, and we shall appreciate a continuance of their 
interest and assistance in pointing out possibilities of improvement. 


Tue AUTHORS. 


PREFACE TO THE FIRST EDITION 


Every man engaged in mechanical work of any kind, regardless 
of his position in the shop or drawing room, frequently requires 
information that is seldom remembered and is not usually available 
when wanted. 

With this in mind it has been our endeavor to present in con- 
venient form such data as will be of value to practical men in the 
various branches of machine work. While some of the matter 
included may seem elementary, it was considered necessary in order 
to make the work complete. Much of the information has never 
before been available to the mechanic without tiresome search and 
consultation. 

We believe that the Dictionary section will be found of service 
to the younger mechanics and in helping to establish standard 
names for various parts which are now more or less confused in 
different sections of the country. 

Our indebtedness to various manufacturers and individuals is 
hereby acknowledged, and in the back of the book will be found a 
list of such authorities with page references to the information 

furnished by them. 

| We dare not hope that no errors will be found and we shall be 
glad to have them pointed out and to receive any suggestions as to 

additions or other changes which may add to the value of the book. 


THE AUTHORS. 
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THE AMERICAN MACHINISTS’ 
HANDBOOK 


SCREW THREADS 


To avoid confusion in terms it is well to point out in the begin- 
ning the changes that have taken place in the names of what was 
formerly called the United States Standard thread. Originally 
known as the Seller’s thread, it came to be abbreviated as U. S.S. 
where standard pitches were used, and U.S. F. (or form) where 
only the shape was used. This standard neither gave nor recog- 
nized tolerances and the various committees considering these, 
have thought best to adopt the name American (National) instead 
of U. S. S. As two names are unnecessary, the first name, 
American, has been used in this edition. 


CUTTING SCREW THREADS 


Nearly all lathes are geared so that if gears having the same 
number of teeth are placed on both stud and lead screw, a 
thread the same pitch as the lead screw, will be cut. This is 
called being geared ‘‘even.”’ If the lathe will not do this, then find 
what thread will be cut with even gears on both stud and lead 
screw and considey that as the pitch of lead screw. In speaking 
of the pitch of lead screw it will mean the thread that will be cut 
with even gears. 

In cutting the same thread with even gears, both the work and the 
lead screw are turning at the same rate. To cut a faster thread, the 
lead screw must turn faster than the work, so the larger gear goes 
on the stud and the smaller on the lead screw. To cut a slower 
thread (finer-pitch or less lead), the larger gear goes on the screw 
and the smaller on the stud. 

Calling the lead screw 6 to the inch, what gears shall we use to 
cut an 8 thread? ; 

Multiply both the lead screw and the thread to be cut by some 
number (the same number for both) that will give two gears you 
have in the set. If the gears vary by 4 teeth, try 4 and get 24 and 
32 as the gears. If by 5, you get 30 and 4o as the gears. Then 
as 8 is slower than 6, the large gear goes on the lead screw and the 
small one on the stud. 

To cut an 18 thread with a 5-pitch lead screw and gears varying 
by steeth. 5 X 5 = 25and5 X 18 = 90. There may not bea go 

ear, but you can use a 2 to 1 compound gear and use a 45 gear 
instead. That is, put the 25 gear on the stud, use any 2 to 1 com- 
bination between this and the 45 gear on the screw. 
I 
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The 25 gear must drive the large gear of the 2 to 1 combination 
and the small gear drive the 45-tooth gear, either directly or through 
an intermediate. 

In cutting fractional threads the same rule holds good. To cut 
113 threads with a 6-pitch lead screw and gears that change by 4 
teeth, use 4 X 6 = 24 and 4 X 113 = 46, with the 24 gear on the 
stud and the 46 on the screw. With gears changing by 5 this is 
not so easy, as 5 X 11% = 573, an impossible gear. Multiplying 
by to would give 60 and 115, not much better. Multiply by 6 
and get 6 X 6 = 36 and 6 X 114 = 60, neither of which is in the 
set. Gears of 35 and 70 teeth will cut 12 threads per inch. 

To find what thread any two gears will cut, multiply the pitch of 
lead screw and the gear which goes on it and divide this by the gear 
on the stud. Suppose we try 40 on the stud and 75 on the lead 
screw. Multiply 75 by 6 = 450 and divide by 40 which gives 11} 
as the thread that will be cut. Try 45 and 80. 6 X 80 = 480; 
divided by 45 = 103, showing that the 40 and 75 are nearest and 
that to cut it exactly a special gear will have to be added to the set. 
In reality, the gears would not change by 5 teeth with a 6 pitch lead 
screw. 

Rules for screw cutting may be summed up as follows, always 
remembering that the pitch of the lead screw is the thread that 
will be cut when gears having the same number of teeth are placed 
on both screw and stud. 


Having To Find Rule 


mh 


= True lead of screw] C = Gear for stud} Multiply both A 

and and and B by any one 
B = Thread to be cut D = Gear forscrew] number that will 
give gears in the 
set. Put gear A 
on stud and gear 
B on lead screw. 


= True lead of screw} D = Gear forscrew] Multiply B by C 
= Thread to be cut and divide by A. 
= Gear for stud 


= Trueleadofscrew |C = Gear for stud] Multiply A by D 
= Thread to be cut and divide by B. 
= Gear for sérew 


= True lead of screw | B = Thread that} Multiply A by D 
= Gear for stud will be cut and divide by C 
= Gear for screw 


BAR] O&A] AA 
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GEARS FOR SCREW-CUTTING 


Gear trains for screw-cutting are usually arranged similarly to 
the illustration, Fig. 1. If the gear E on the lathe spindle has the 
same number of teeth as the gear H on the stud S, the lathe is 
geared even, 7.e., gears having the same teeth placed on both stud 
and lead screw will cut a thread like the lead screw. As shown, the 
gears are out of mesh because the tumbler gears / andG do not mesh 
with £; but moving the handle J down throws F into mesh with EZ 
so the drive is through £, F, G, H, S and intermediate to L, driving 
it so as to cut a right-hand screw if it is a right-hand thread, as is 
usually the case. Raising handle J cuts out F entirely and reverses 
the direction of the lead screw. 

To follow the motion of a train of gears, take a stick (or your 
finger if they are mot running) and trace the motion from the driver 
to the end as shown by the dotted lines in A, B, C, and D. 

When a lathe is compound geared, the stud gear drives an auxil- 
iary gear as A, which multiplies or reduces the motion as the case 
may be. It will readily be seen, if the stud drives A and B drives L, 
the motion will be exactly doubled because A has one-half the 
number of teeth in B. 
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anes ot i} ‘ 
ey ih E 


Diameter 'x 3.1416 


THREAD ANGLE TABLE 


THREADS PER INCH = ? 


i, [502-14 32°-31 22°-59 17°-39 14°-18 I1°-50 10°-19 9°- 2 6 
4” |40°-23 |23°- 1 |15°-48 12°-16 9°-39 8*- 8 7-13 |6° i : 4 
32°-30 |17°-41 |11°-58 | 9°- 3] 7°-16 | 6°-37 | 5°-40 |4°-33 |4°- 3 |4°- I 13°37 |3°- 3 
2 
2' 
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_As most engine lathes now have quick-change gear boxes, it is 
nly necessary to learn the proper position of the gear change lever, 
r handle, for each thread or feed. This can readily be done from 
he plate on the lathe itself. 


HELIX ANGLE OF SCREW THREADS 


The helix angle of screw threads varies with both the diameter 
nd the lead of the screw. ‘The larger the diameter the less the 
elix angle for the same lead screw. The helix angle is used in 
rinding thread tools and the pitch diameter should be considered 
nstead of the outside. 

The helix angles for standard threads are given in Table I on 
age 39. For other diameters and leads the following formula 
an be used. The table below shows outside diameter angle. 


Hetrx ANGLE FORMULA 


P = single threads per inch. : = lead*="L 


D = pitch diameter of work in inches. a = 3.1416 = ‘ 
C = pitch circumference of work in inches = 7D 
r 


f. Lead. lig 
~ Circumference of Work 7D Maseent ol Apéle 


Find Angle in Table of Tangents 


aah 


THREAD ANGLE TABLE 


THREADS PER INCH = P 


c | 1°24] 1°-18| 1°-13| 1° 8] 1% 1 55’ 50'| 45'| 42’) 30/1 . 36! 
ee | ote) Lenn | 195) 1°-'r 54’! 49’ “} 40") 38'1 354) 32" 4 
g ” 0 ie 7 Ps 3 50’ 54’ 49’ 44’ 40/ 37’ 34! ‘37 20/ va 


| 40) 36) 34) at ah ash a2] ar) to} Bay 
24 37 35 32 30 27’ 24 22'|'——20'|)"- x0". BEG!) a5! 
22! BOW TS ee Tris eel ral rae 
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While the formula is worked out for single threads, it can be use 
for double or triple threads by considering the lead equal to tl 


; ASS I Avie 
advance of the work in one revolution instead of =» as given in tl 


Ee 
formula. 

It is customary in many shops to have several thread tools i 
stock to cut these various thread angles, each cutting within 
certain range of augles. This table will be useful in determinin 
the best range for each thread tool. 


R 
cpr 
f 
FIG. 4 FIG. 


The Use of the Protractor 


Figs. 2 and 3 show side and front elevations of the thread toc 
and of the protractor as applied to obtain the proper angle of sid 
clearance to cut a right-hand screw thread. The front edge of th 
thread tool is used to determine the angle of side clearance. Fig. 
shows a section taken along the line a }, Fig. 2. It will be notice 
that line e f is shorter than G 7 to give clearance to the cuttin 
edges of the thread tool, and also that G R is equal to H R and e. 
is equal to f S. The angle of the helix at half the depth of th 
thread, Fig. 5, can be used, if desired, and can be approximated t 
from the table, or figured exactly by the method given at the to 
of the table. 


METRIC THREADS 


Metric threads are measured in millimeters but often stated b 
the threads per centimeter. Any lathe with a pair of compound ¢ 
“translating gears”? with 50 and 127 teeth, can cut metric threads 


MULTIPLE THREAD CUTTING 7 


he large gear being driven from the stud. Then the gears for the 
yumber of threads per centimeter are figured the same as threads 
yer inch as on page 3. ; 

The gears for millimeter threads can be easily found by a simple 
ule. Put the 127-tooth gear on the screw. The gear for stud is 
ound by multiplying the number of threads per inch of the lead 
crew by the pitch to be cut in millimeters and by 5. 

EXAMPLE.—To cut 2-mm. pitch on a-lathe with a lead screw 
laving 4 threads per inch. The driving gear on the stud will be 

Lead screw (4) X mm. (2) X 5 = 40, the two gears being 4o 
yn stud and 127 on screw. 

EXxAmMPLE.—To cut a 1o-mm. thread with a 5-pitch lead screw. 

Lead screw (5) X mm. (10) X 5 = 250, the gears being 250 on 
tud and 127 on screw. 

It will frequently be necessary to compound the gears to get the 
lesired ratio with the gears in common use. 


MULTIPLE THREAD CUTTING 


THE accompanying table will be found useful when cutting mul- 
iple threads. When one thread is cut, the feed nut may be opened 
the spindle of course being stopped) and the carriage moved along 
»y hand the distance given in the table; the nut is then closed on 
che screw and the next thread cut. This is a quick and sure method 
»f starting the second, third or fourth thread where the lead screw 
of the lathe is of the pitch givenin the table. 


TABLE FOR MULTIPLE THREAD CUTTING 


Threads | Thread Carriage Lathe Screw 
per Inch Multiple Movement Thd's per In. 

13 2 ah Any 
13-3 3 Cannot be split 

this way. ; 
13-3 4 rie Any even thd. 
1i-} 2 ou Any 
i} 3 re’ 6 
i 4 a Any 
2-3 2 at Any 
24-2 3 Cannot be split 

this way. 
21-4 4 Tite Any 
24-4 2 rh Any 
22-3 3 ie 3, 6, 9, 12. 
23-3 4 a Any even thd. 
3-3 2 5 Any even thd. 
3 -2 3 Cannot be split 

this way. 
gia 4 re 4 
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To determine whether multiple thread can be spaced by carriag 
movement, change the threads to be cut into a common fraction 
Divide the numerator by the thread multiple. Ifit divides evenly 
the thread cannot be spaced by moving the carriage. If it doe: 
not divide evenly, move the carriage the distance obtained by 
dividing the thread multiple into the denominator. The rul 
and examples given are by T. J. Lee. 

The carriage can, of course, be moved 1 inch and the nut close 
no matter what the pitch of the lead screw may be (unless it i 
fractional), but in order to close the nut after moving} inch, th 
screw must have some even number of threads per inch. 

As will be seen by referring to the table, a lead screw with any 
even number of threads per inch is used in a number of cases, whil 
in several other instances the screw may be of any pitch—eithe 
odd or even. In certain cases 4 and 8 per inch lead screws ar 
specified; and in cutting triple threads a 6 per inch screw is usual 


Ypiis 4 
- WILMA = 


Fic. 6.—Face-Plate for Multiple Thread Cutting 


FACE-PLATE FOR MULTIPLE THREAD CUTTING 


Fic. 6 shows a face-plate fixture used on various numbers o 
threads. On an ordinary driving plate is fitted a plate having, a: 
shown, twelve holes enabling one to get two, three, four or six leads 
if required. This ring carries the driving stud, and is clamped at 
the back of the plate by two volts as an extra safeguard, All that 
is necessary in operation is to slack off the bolts, withdraw the 
index pin, move the plate the number of holes required, and re. 
tighten the bolts. It is used on different lathes, as occasion requires, 
by making the driving plates alike and drilling a hole for the index 
pin. It is found that the index pin works best when made taper, 
and a light tap is sufficient to loosen or fix it. 
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CUTTING DIAMETRAL PITCH WORMS IN THE LATHE 


Tuer accompanying table is to be used in cases where fractional 
worm-thread cutting is necessary for diametrical pitch worm 
threads to mesh into diametral-pitch worm gears. 


TABLE OF CHANGE GEARS FOR DiIAMETRAL PrtcH WorMs 


IB 


eo 


‘3.2 [3y,0 Pitch of Lead Screw 
fel $8 G2.E53 i 
gh| aa ES ad 
PS Se ee ii A | Lbat St ds Saul Son 
Bon BeAS77) 52604 FF oli BE AA Ia SA ly [BR olp age 
2t| .862” |.300” 421, Sef | A | ARR OAS ARR eae 
3.| +719" |.325"|-350,| at P BB te!| Ae 4 We | Aft 
| 3h] .616” |.278”|.3007| 98 | UY | Wet | AAP | Ahk | 44 | SRA] Ae 
Nae Waeas4o” heqgt 263" (oe RR ol OF el ORE i Aaloatod) $41 biAk 
5 |. 432” |.105”|.210"1 48 | 88 | 88 | 4A | AR | 4) a 4A 
Bell eg00" $int627/5 075" |, BB.) FAI) )) dhol) BRoll AA doth lo BBs ane 
7 308”) |.139" |.150” | 48) | 48.) BB | Ae) AR aR] AP | OAR 
8 | 4.270" |.122”|.132” | 44 Bh) PAA RE oll BRON RRRE Mra ly RE 
9 | 240” |.108”].117”| 44 3% a8 | AA | 44 ap | Age | Aa 
to | .216” |.097”|.105”| 42 a ag y 4 Ay a8 4p 
11 | .196” |.088”|.006”| 4 $ 9 ” Avi 93 | Ae be 
i2 | .180” |.081”|.088”| 44 | 44 | 8% | #8 | 34 | Ah | St | GE 
34 | .154” ||.069”|.075”| 28 | 3 | 44 | 4B | 28 | 44 | 88 | Jar 
16 | .135” |.061”|.066”| 43 Ba 38 85 3 8% 4p $5 
18 | .120” |.054”|.058”| @3 | 44 | 8 | 88 | 82 | Ah | 88 | 7d 
20 | «108 |.048”|.053”| 3% 5 a8 | 44 | 8 | 76 | 8.) ¥ 
24 | .090” |.040"|.044”| 44 4h 4} 8 8 a a4 5 
| 28 | .077” |.034”|.038"| 46 | Ba POMS We Oe MPO Se ie J ie 
32 | .067” |.030”|.033”| %& | YY: | 44 | Wty | 28 i 4 85 
4o | .054” |.024”|.026” | 4% tio ak 4 # 33 4 Se 
| 48 | .045” |.020"|.022”| 3} 8S. Vy 48, reer ukcoRee a AEy | gat BE 
Formula: 7? % Lead screw yay Ratio of wheels. 


ay .7 X Diametral pitch f 
| The ratio 355:413 is more accurate than 22:7 hut requires odd 
\gears; a 71-tooth gear and a 5:1 compound gives 355. 

| In the first column is found the diametral pitch to be cut. In the 
{second column is found the corresponding single depth of the worm 
thread. Under the third column is found the width of the tool at 
ithe point, the tool being the regular 29-degree included angle. In 
the fourth column is found the width at the top of the worm thread. 
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The next heading in the chart is ‘‘ Pitch of lead screw,” and here 
are found different pitches of lead screws 2 to ro. 

Example: Suppose it is desired to cut a worm thread of 4 diame- 
tral pitch on a single-geared lathe having a 6-pitch lead screw. 
Opposite 4 in the first column find the single depth of worm thread, 
or 0.540 inch; and continuing in the same direction from left to 
right, under the next column find the width of the worm-thread tool 
at the point or end, which is 0.243 inch, and so on to the next column, 
where is found the width of the worm thread at the top, which is 
0.263 inch. Say there is a 6-pitch lead screw on the lathe. Then 
follow right on in the same direction to the column headed 6, which 
shows the gear ratio to be 3%. Of course, there is no 7 gear on the 
lathe, 80 ply bring the fraction 4% to higher denominations, say 
33 %& 3 = $2: that is, put the 99 gear on the spindle or stud, and 
the 21 gear on the screw. Then use a gear of any convenient size 
to act as an intermediate gear, and thus connect the gear on 
the spindle with the gearon the screw. ‘Taking the fraction 33 and 
multiplying the numerator and denominator by 4 would give 43 as 
the two gears to be used. It will be seen that this last fraction 
simply changes the number of teeth in the gears, but does not 
change the value of the fraction; thus there is the same ratio of 
gears. 

Take another case: Suppose it is desired to cut a 20-diametral 
pitch worm thread in a lathe having a 4-pitch lead screw. What 
would be the necessary gears to cut the desired thread? Next to 
20 in the first column is found the single depth of the worm thread, 
which is 0.018 inch. Read from left to right as in the first case, and 
0.048 inch is found as the width of the tool at the point. In the 
next column is found the width at the top of the worm thread, which 
in this case is 0.053 inch. Under column 4, and opposite 20, are 
found the gears necessary for cutting a 20-diametral pitch worm 
thread in a lathe with a 4-pitch lead screw. The gears thus found, 


namely Vee — may not be in the regular set of gears furnished with 
screw 

the lathe. In that case double up on both and make it cow! 
which is the same in value. The two examples thus worked out 
could have been cut on lathes with lead screws having any number 
of threads per inch, with the same result. One point in cutting 
these threads is that the tool must be of exact dimensions all over, 
for if it is not exactly 29 degrees included angle, or the point is not 
as it should be for width, then there will be an error in the worm 
thread all around. 


THE BROWN & SHARPE 29-DEGREE WORM THREAD AND 
THE ACME 29-DEGREE STANDARD SCREW THREAD 


THERE seems to be some confusion among mechanics regarding 
the 29-degree Acme standard screw thread and the Brown & Sharpe 
29-degree worm thread. 

The sketches, Figs. 7 and 8, show plainly the difference between 
threads of the same pitch in the two systems. The sectional 


MEASUREMENT OF THREAD TOOLS II 


views are of threads of one-inch linear pitch drawn to scale to the 
proportions given by the thread formulas in connection with the 
complete tables of the two systems of threads as given on pages fol- 
lowing. ‘The clearance for bottom of thread is the same, o.oro inch, 
for all pitches. See pages 15 and 16 for correct dimensions. 


wl 


je——— 69!” hg” 
pee 
1 
Fic. 8.—Brown & Sharpe 29-Degree Worm Thread 


; 


The worm thread is based on the linear pitch of the worm and 
proportions figured same as rack tooth with varying clearances in 
bottom. B. & S. 29-degree screw thread has a uniform clearance of 
0.005 inch for all pitches. Do not confuse the two threads. 


| MEASUREMENT OF THREAD TOOLS 


Tue table of angle measurements that follows should prove of 
convenience to all who make tools for cutting angles or make the 
gages for these tools. 

The principle here adopted is that, on account of the difficulty 
and in some cases)the impossibility of measuring the tool at its point, 
the measurement is taken on the angle of the tool at a given distance 
from the point. In this case the true measurement will be less than 
the actual measurement by an amount equal to twice the tangent of 
half of the angle, multiplied by the distance of the line of measure- 
ment from the point. 
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For making the measurement the Brown & Sharpe gear-tootl 
caliper may be used. Fig 9. shows this tool in position for measur 
ing. The depth vernier A is set to a given depth #, and the meas 
urement is taken by means of the vernier B. The width of the too 


t : : C 
point x is equal to the measurement on the line ab less 2h (tan. F 


To use the table, # is always taken to be ;; inch, which is found t¢ 
be a convenient depth for most work. If a greater depth i: 
required, all that is necessary is to multiply the figures given by the 
ratio of the required depth to ;45 inch. For instance, if the deptl 
is required to be § inch, the figures given are multiplied by 2. Ir 
the great majority of cases, ;4; will be found a suitable value for h 


Fic. 9.—Measuring Thread Tools 


when to find the width of the point « it is merely necessary to deduc 


tan. — 


the value of for the angle required, which can be obtained a’ 


a glance from the table. 

In the case of the American or United States standard thread, th 
point of the tool should be one-eighth of the pitch of the screw, whil 
in the Whitworth standard, as shown, the point-of the tool would bi 
one-sixth of the pitch if it were not rounded. By using these fig 
ures in combination with the table, it can be determined whe1 
sufficient has been ground from the point of the tool. i 

The table is called ‘‘Table for Angle Measurements,” because i 
a sharp angle, that is, one without the point ground away, is meas 
ured as above, this measurement, by reference to the table, will giv 
the angle direct. 
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TABLE FoR THREAD Toot ANGLE MEASUREMENTS 


c c | Cc 
Degrees te 2 Degrees a “2 |] Degrees se 2 
8 8 8 

t 0.001 I 31 0.0346" || 61 0.0736 
2 0.0022 32 0.0358 62 | 0.0751 
3 0.0033 33 0.0370 63 | 0.0766 
4 0.0044 34 0.0382 64 | 0.0781 
5 0.0055 35 0.0394 65 0.0796 
6 0.0066 36 0.0406 66 0.0811 
7 0.0077 a 0.0418 67 0.0827 
8 0.0088 38 0.0430 68 0.0843 
9 0.0099 39 0.0442 69 0.0859 
5 do) 0.0110 40 0.0454 7O | 0.0875 
II 0.0121 41 0.0466 71 0.0891 
12 0.0132 42 0.0489 72 0.0908 
13 0.0143 43 0.0492 "3 0.0925 
14 0.0154 44 0.0505 74 0.0942 
I5 0.0165 45 0.0518 75 0.0959 
16 0.0176 46 0.0531 76 0.0976 
17 0.0187 47 0.0544 77 0.0994 
18 0.0198 48 0.0557 78 O.1012 
19 0.0209 49 0.0570 79 0.1030 
20 0.0220 50 0.0583 80 0.1048 
21 0.0231 51 0.0596 81 0.1067 
22 0.0242 52 0.0609 82 0.1086 
23 0.0253 53 0.0623 83 O.II05 
24 0.0264 54 0.0637 84 O.1125 
25 0.0275 55 0.06051 85 O.II45 
20 0.0286 56 0.0665 86 0.1165 
27 0.0298 57 0.0679 87 0.1186 
28 0.0310 58 0.0693 88 0.1207 
29 0.0322 59 0.0707 89 0.1228 
30 0.0334 60 0.0721 go 0.1250 


GRINDING THE FLAT ON THREAD TOOLS 


To facilitate grinding the correct width of flat for the single-point 
inserted tool to cut American standard form of threads, the table 
on page 14 shows flats for commonly used threads. The dis- 
tance from the point of the tool to the back is first measured with 
the micrometer, then the point of the tool may be ground off until 
the micrometer measurement from the back is equal to the whole 
depth minus dimension A, when we may be sure, without under- 
taking the difficult job of measuring it directly, that the flat B has 

the pope width. The dimensions A and B for pitches from 1 to 
64 threads per inch are included in the table, 


14 


SCREW THREADS 


TABLE FOR GRINDING Frat END or Toot ror AMERICAN 
Form or THREAD 


i- 


ee Pitch A 
I I.000 -1064 
2 +5000 0532 
3 3333 0355 
4 +2500 0266 
5 +2000 0213 
6 -1666 0177 
7 -1428 o152 
8 +1250 0133 
9 sTaDT o118 
Io +1000 o106 
II -0909 00963 
I2 -0833 00886 
13 0769 00818 
14 -O714 00758 
15 .0666 00707 
16 +0625 00673 
17 -0588 00620 
18 10555 00588 
19 +0526 00554 
20 +0500 00530 
2 .0476 00503 
2 O32} +0454 0048 
23 -0431 00451 
24 .0416 00433 
25 +0400 00426 
26 0384 00409 
27 +0370 00393 
28 +0357 00375 
29 +0344 00366 
3° +0333 00354 
31 +0322 00341 
32 -0312 00332 


Double 
Depth 


1.299 
-6495 
+433 
+3247 
+2598 
+2105 
+1855 
-1623 
+1443 


-1299 
-1180 


-1082 
0999 
+0920 
-0866 
-0812 
0764. 
07 21 
-0683 
-0049 
.0618 
+0590 
+0564. 
-0541 
+0519 
+0491 
-0481 
-0463 
0447 
+0433 
-0419 
+0405 


Depth 


-6495 
+3247 
-2105 
«£023 
-1299 
+1082 
+0927 
+0812 
+07 21 
.0649 
+0592 
+0541 
+0499 
.0460 
+0433 
-0406 
.0382 
"0360 
-0341 
03 24 
+0309 
-02905 
-0282 
.0270 
-0259 
0245 
-0240 
+0231 


“40223 


.0216 
+0209 
.0202 
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ACME 29° SCREW THREADS 


= No. of Threade-perMtioh 


3 aes 5,  W==.8707 P—.0068 
P <7 = linear Pitoh 8==.0208.P 
D=5P+M Bo=.0208P +0068 


The Acme standard thread is an adaptation of the most com- 
monly used style of Worm Thread and is intended to take the place 
of the square thread. 

It is a little shallower than the worm thread, but the same depth 
as the square thread and much stronger than the latter. 

The various parts of the Acme standard thread are obtained as 
follows: 

Width of Point of Tool for Screw Thread = 


-3707 Cum 
No. of Threads perinch ~ SFe 
Width of Screw or Nut Thread = *3707 


No. of Threads per inch’ 
Diameter of Screw at Root = 


— ( = -- 020 ) 
No. of Threads perinch © ~ ; 


I 
2 X No. of Threads per inch adPB2 


Diameter of Screw 


Depth of Thread = 


TABLE OF ACME 29° ScREW THREAD PARTS 


)N R. D F WwW Ss B 


: : Width of Width ‘Thickness 
Naas off Pitch of | Depth of fie eee of | Space at | of Space | at Root 


ingle ‘op of 
periach | Thread | TT! | thread |ROm P| Macks | rated 
I I.0 «5100 -3707 +3055 -6293 -6345 
1 750 3850 -2780 2728 -4720 4772 
2 -500 -2600 -1853 -1801 -3147 +3199 
3 +3333 -1767 +1235 -1183 +2098 +2150 
4 +250. 1350 -0927 -0875 -1573 -1625 
5 +200 : -IIOO -O741 .0689 -1259 «I3IL 
6 -1666 -0933 0618 0566 1049 -IIOL 
7 -1428 -0814 0529 10478 -0899 +0951 
8 +125 +0725 -0463 +O41I .0787 +0839 
9 -IIII -0655 0413 -0361 -0699 -O751 
ro -I0 .0600 0371 -0319 .0629 0681 


16 SCREW THREADS 


ACME 29° TAP THREADS 


Reale Se 
la 2<-G—s N =No, of Threads per Inch 
Ret b p ee W=.3707 P—.0052 

es Prey linear Pitoh 5 208 P-+.0052 


D=—.6 P+,.02 B=,6293 P +.0052 
F—=,3707 P —.0062 


Tur Acme standard tap-thread is cut with the same width of tool 
as the screw-thread and the diameter at the root is the same for tap 
and screw. Clearance at bottom of thread between screw and nut 
is obtained by boring the nut blank .020 oversize. 

The outside diameter of the tap is made .o20 larger than the 
screw to give clearance between top of screw-thread and bottom 
of nut. 

Width of Point of Tool for Tap-Thread = 


3797 


No. of Threads per Inch — ae 
. ree: .3707 I 
A pcos ee No. of Threads per Inch SES 
Diameter of Tap = Diameter of Screw + .020. 


Diameter of Tap at Root = 
I 


nhac Sa a ( of Threads per Inch + 40.) 


I 
Depthvot Thirst 2 X No. of Threads per Inch a B20. 


TABLE OF ACME STANDARD 29° Tap-THREAD PARTS 


N P D F W Ss B 


i A Width of | Width . 

Number of | Pitch of Depth of Width ts Space at | of Space Thickness 
Threads Single Thread | LP of |Bottom off at T. Brae 
per Inch Thread Thread | Thread | Thread | Of Dbread 


I I.0 25200 | .3655. | .3655 | .6345 -6345 
14 +750 950 | 12728, |) 2728. | 1.477851 team 
2 +500 -2700 | .I8or | .180r | .3199 +3199 
3 +3333 | -1867 | .1183 | 1183 | \.2150 +2150 
4 +250 1450 | .0875 | .0875 | .1625 +1625 
5 «200 +1200 0689 | .0689 | .131r «1311 
6 -1666 | .1033 | .0566 | .0566 | .1r0r «IIOI 
7 +1428 | .ogt4 | .0478 | 0478 | 0951 0951 
8 125 00825 | .o4II | -O4It .0839 0839 
9 eITII | .0755 | .0361 | .0361 O751 0751 
Io IO 0700 | .0319 | .og19 | 0681 .0681 


MEASURING ACME THREADS 17 


SCREW-THREAD MEASUREMENTS 


Screw threads are no longer measured by their outside diameter, 
but by the pitch diameter, using either micrometers with special 
points that bear only on the thread angle, wires laid in the threads 
and measured across the outside, or optical methods that compare 
a magnified image of the thread with a standard pattern. The first 
two methods are more common than the latter, although the optical 
method is being more widely used. 


SCREW-THREAD MICROMETER CALIPER 


Tur thread micrometer is fitted with pointed spindle and ‘‘V”’ 
anvil, as in Fig. ro, to measure the actual thread on the cut surface. 
Enough of the point is removed and the bottom of the “V”’ is 
carried low enough so that the anvil and spindle clear the top 
and bottom of the thread and rest directly on the sides of the thread. 
_ As it measures one-half of the depth of the thread from the top, 
on each side, the diameter of the thread, as indicated by the caliper, 
is the pitch diameter, or the full size of the piece less the depth of 
one thread. 


ica) 


cet 3 


< 
Fic. to.—Spindle and Anvil of Thread Micrometer 


This depth may be found as follows: 


Depth of Vv threads = 0.866 + number of threads to 
1 inch 

Depth of American threads = 0.6495 + number of threads to 
i inch 

Depth of Whitworth threads = 0.64 + number of threads to 
I inch 


As the U. S. thread is flatted one-eighth of its own depth on top, 
it follows that the pitch diameter of the thread is increased one- 
eighth on each side, equaling one-fourth of the whole depth and, 
instead of the constant 0.866, we use the constant 0.6495, which is 
three-fourths of 0.866. 

When the point and anvil are in contact the o represents a line 
drawn through the plane AB, Fig. 1o, and if the caliper is opened, 
say to 0.500, it represents the distance of the two planes 0.500 inch 
apart. The pitch diameters of standard threads are given on 
pages 47 and 55. See pages 31 and 32. 


MEASURING ACME 29-DEGREE THREADS 
Tue diameter of a wire which will be flush with tops of thread on 
tap when laid in the Acme thread groove, Fig. 11, will be found as 
follows: 
Rad. of wire section = side opp. = side adj. X tan. 37° 45’ = 
Pp X .6293 + .0052 
2 


X .77428. 
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Diam. of wire = (p X .6293 + .0052) .77428. 
Wires of the diameter given in the table come flush with the tops 
of tap threads and project .oro above the top of screw threads. 


Fic. 11.—Measuring Acme Threads 


TABLE OF WIRE S1zES FOR MEASURING ACME STANDARD 209° 
ScrEW AND Tap THREADS 


Threads per Inch Pitch Diam. of Wire 
At Tt 0.4913 
2G 
13 +750 0. 3694 
13 .6666 0. 3288 
1? 5774 0.2824 
2 . 500 0.2476, 
2s - 400 0.1989 
3 +3333 0°. 1664 
4 .250 0.1258 
5 . 200 ©. 1014 
6 . 1666 0.0852 
7 -1428 0.0736 
8 are 0.0649 
9 cere ie 0.0581 
Io . 100 0.0527 


MEASURING BROWN & SHARPE 29-DEGREE WORM 
THREADS 


Tue diameter of wire for Brown & Sharpe worm thread, Fig. 12, 
for each pitch, that will rest in the thread groove on the thread angle 
and be flush with the tops of the finished threads, is found as follows; 

Rad. of wire section (see table) = side opp. = side adj.’ X tan. 
Be ei 0.665 P ; 


2 
0.5149 P. 


X 0.77428 = 0.257447 P and diam. of wire = 
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Fic. 12.—Measuring Brown & Sharpe Worm Threads 
TABLE OF WIRE Sizes ror MEAsuRING B. & S. 29° Worm THREADS 


Threads per Inch | Pitch Diam. of Wire 
3 oh 1.0298 
4 I.750 ©.9oI0 
4 1.500 0.7723 
4 I.250 0.6436 
I 1.0 ©. 5149 
13 6666 0.3432 
2 5 ©. 2574 
25 vA 0.2060 
3 - 3333 0.1716 
32 . 2857 0.1471 
4 .250 0.1287 
43 2222 O.1144 
5 a ©.1030 
6 . 1666 0.0858 
7 1428 0.0735 
8 25 0.0643 . 
9 .ILII 0.0572 
Io 10 0.0515 
12 0833 0.0429 
16 20625 0.0322 
20 .050 0.0257 

N= No. of Threads por Tish, 
A= .3188P 
o= F- 
S= .665P 
B= .69P | 


ay 
YELL 


~ No. of Threads per inch 


-6866 
REN Phat TuNoto oft Threads per inch 
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+335 . 
No. of Threads per inch 
.310 
No. of Threads per inch 
Thickness at Pitch Line. 
‘10 
.665 ; 
No. of Threads per inch 
.69 
No. of Threads per inch 


Width of Top of Thread = 


Width of Space at Bottom 


Clearance at Bottom of Thread = 


Width of Space at Top of Thread = 


Thickness at Root of Thread = 


TABLE OF Brown & SHARPE 29° WormM THREAD Parts 


P D FP WwW T A Cc Ss B 
= 5 Sno g Bu 3 
Amal ba ‘Ss ‘Surg |‘ 8 |g oy | SR ra 
Bee] oS | 28 [eke |ees | fo) B82 | fee |aea| 2e3 
si8| 208 | Be B28 /235 [228 [E25 | ta (Ege [aha 
ee Foe |. [PCr [BPS Bea Ps) |S eeae 
I 1.0 6866 | .3350 | .3100 | .5000 | .3183 | .o5 665 | .69 
Thal ee +5492 | .2080 | .2480 | .go00 | .2546].04 | 532 | .552 
14 | .6666] .4577 | 2233 | .2066} .3333 | .2122 | .0333 | -4433 | -4599 
2 5 +3433 | -1675 | -1550] .2500 | .1592 | .0250 | .3325 | .345 
2h | 4 2740 | .1340 | .1240 | .2000 | .1273 | .0200 | .2660 | .276 
3 +3333 | -2289 | 1117 | .1033 | .1666] .r061 | .o166 | .2216]} .2299 
34 | 2857 | .1962 | .0957 | .0886| .1429 | .0909 | .o143 | «190K | .2011 
4 250 | .1716| .0838 | .0775 | .1250| .0796 | .0125 | .1637 | .1725 
44 | .2222] .1526] .0744 | .0689 | .r1II | .0707 | .orrr | .1478 | .1533 
5 2 +1373 | .0670 | .0620 | .1000 | .0637 | .or00 | .1330} .138 
6 1666 | .1144 | 0558] .0517 } .0833 | .0531 | .0083 | .r108 | .115 
“i 1428 | .098z | .0479 | .0443 | 0714] .0455 | .co71 | .095 | .0985 
8 125 | .0858] .0419 | .0388 | .0625 | .0398 | .co62 | .0818 | .0862 


9 sIIII | .0763 | .0372 | .0344| .0555 | .0354 | .0055 | .0739 | .0766 
Io | .10 | .0687 | .0335 | .0310| .o500! .0318 | .005 =| 0665 | .069 

12 | .0833 | .0572 | .0279 | .0258 | .0416| .0265 | .0042 | .o55r | 0575 
16 | .0625 | 0429 | .0209 | .o194 } .0312 | .O199 | .003r | .0409 | .0431 
20 | 050 | .0343 | .0167 | 0155 | .0250| .o159 | .0025 | .0332 | .0345 


WORM WHEEL HOBS 


Hoss are made larger in diameter than the worm they are used 
with by the amount of two clearances. The Brown & Sharpe 
method is to make the clearance one-tenth of the thickness of the 
tooth on the pitch line or .o5 inch for a worm of one pitch. If the 
worm was 3 inches outside diameter, which would be a fair propor- 
tion for this pitch, the outside diameter of the hob would be 3 + 
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(2 X .05) = 3.1 inches. The thread tool would be .335 inch wide 
at the point and would cut .6366 + .o5 = .6866 deep, leaving the 
top of the thread .31 inch thick and the bottom .335 inch thick. 
The land L should be made as near the proportions given as 
possible. 
The diagram, Fig. 13, shows the shape and proportions of the 
thread of a worm hob, and Fig. 14 shows the proportions for the 


A=.69X Pitch S =.3183 X Pitch 

B=.31 X Pitch T =.5 X Pitch 

C=6 of T W =.335 X Pitch 

E=.665 WD =.6866 X Pitch ¥% ir 

F =.3683 X Pitch WD =.6866 X Pitch 


Fic. 13.—Section of Hob Thread Fic. 14. 


End View of Hob 


depth of tooth, the lead and the outside diameter. In these 
diagrams: 


A = Width of space at top of tooth. 
B = Width of thread at top. 
C = Clearance or difference between the hob and worm. 
D = Diameter of hob. 
E = Width of tooth at bottom. 
F = Height above pitch line. 
L = Width of land or tooth at bottom. 
SS = Depth below pitch line. 
T = Width at pitch line. 
W = Width of space at bottom. 
‘WD = Whole depth of tooth. 


Brown & Sharpe allow clearance at the point of the tooth only 
for worm wheels, but at both point and bottom when hobbing 
spur gears. 


WATCH SCREW THREADS 


Watc# screw threads are of sharp V-form and generally 45-degree 
angle for screws used in nickel and brass; though 60 degrees for use 
in steel. The Waltham Watch Company and others use the centi- 
meter as the unit for all measurements with the exception of the 
pitch, which is based on the inch; the Waltham threads being r1o, 
120, 140, 160, 170, 180, 200, 220, 240, 254, per inch and the diam- 
eters ranging from 0.120 to 0.035 cm. See page 84. 
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MEASURING THREADS BY THE THREE-WIRE METHOD 


The three-wire method of measuring the pitch diameter of screws 
is recommended by the Bureau of Standards as the best means of 
securing uniformity. By placing the three wires, of correct diam- 
eter, in the threads, as shown in Fig. 15, and measuring over 
them, the pitch diameter can be found directly by subtracting the 
wire constant from the measured diameter. This simplified pro- 
cedure results only when the best wire for 
the pitch of the screw is used. 

The best wire is the size of wire which 
touches the thread at the middle of the 
sloping sides. Inasmuch as the pitch diam- 
eter is defined as the diameter of the screw 
where the land and space are equal (this 
occurs at the middle of the sloping sides), 
the best wire touches the thread at the pitch 
diameter. Also, measurements of pitch 
diameter with best wires are true measure- 
ments, although slight variations are present 
in the angle of thread. 

Fic. 15 The wires used should be hardened and 

lapped steel wires and should be three times 

as accurate as the accuracy of the measurements desired. Bureau 
of Standards specifications call for an accuracy of 0.00002 inch. 

The general formula for computing the measured pitch diameter 
of a screw is: 


cot a 
2N 


where M = measurement over 
PD = pitch diameter 
E = pitch diameter. 
G = diameter of best wire. 
number of threads per inch. 
% of the included angle of thread. 


E=M+ 


— G(x + cosec a) 


I Il 


a 


For a 6o-degree thread, which included American coarse and 
National fine threads and also 60-degree metric threads, his 
formula reduces as follows: 


Je c= M + ©7325 _ G(z + 2.00000). 
2N 
And this reduces further to 


pee re 0.86602 


N 
Now it so happens for a 60-degree thread that the depth of a sharp 


0.86602 
h : 
V thread is NV 


— 3G. 


and that 3G or three times the diameter of the 
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0.8660 
N 
E = M — depth of V thread. 


The first column on page 24 shows the number of threads per 
inch, the second the diameter of the best wire G to use for the 
different pitches, then the wire constant or depth of a V thread H, 
next depth of American thead /, and the smallest and largest wires 
that can be used. The formula foreach is given at the top of the 
column. A contact pressure of 2 pounds is recommended in making 
wire measurements. 


best wire is just twice z so the formula is further simplified to: 


MEASURING THE THREAD ANGLE 


The angle of thread can be checked by using wires of two sizes 
and measuring Over each, then calculated by the following formula. 
Using the maximum wire G; and the minimum wire G, and calling 
the maximum measurement M/; and the minimum measurement M., 
M,— M2 

Gi — G2” 
60 degrees. For other angles the following results will be obtained: 

The following is an example of measuring a }-inch, 13-pitch 

American coarse thread: 


the formula is When this equals 3.0000 the angle is 


MIA Oridameters ch. teat ould pee e es: 0.5000 inch 
Number Thbreads:per inch.) oa. 4.65.45. 13 
Bestiwitersize 4) Use M it RAR: aavaiee 0.04441 inch 
Measurement Over wires.................. 0.5169 inch 
MVAneICOMStanty ; |, saactondys «18's qebMpRe SIs et ke 0.06662 inch 
G. maximum: wire size.)...5.6/59%0.6 24.4. 0.06415 inch 
Gp WAIMIMU IM WILE: SIZEM a. )..% siete © wh ae 0.04124 inch 
M, measurement over maximum wires..... 0.5811 inch 
My, measurement over minimum wires...... 0.5122 inch 


The measured pitch diameter is 0.5169 — 0.06662 = 0.45028 inch. 

The nominal or basic pitch diameter should be specified on the 
shop drawing, but if not, it is found by subtracting the depth of 
thread / from the major diameter. Thus the basic pitch diameter is 
0.5000 — 0.04996 = 0.45004 inch. The thread measured is, 
therefore, 0.00024 inch Oversize. 

If we substitute the measurements obtained with the maximum 
and minimum wires in the formula for angle, the result is: 


0.581I — 0.5122 0.0689 


0.06415 — 0.04124 0.02291 ica ie 


From the table of results of angle computations it is found that 
3.0101 corresponds to an angle of 5g degrees 40 minutes and the 
result 3.0050 to 59 degrees 50 minutes. ‘The result obtained in 
the 3-inch 13-pitch example is about halfway between 3.0101 and 
3.0050, and the angle of thread is therefore 59 degrees 45 minutes. 
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THREE WIRE MEASUREMENT OF AMERICAN THREAD 
(Dimensions in Inches) 


Best Wire Ob, _ No. Threads 

No G = 0:57735| Constant |h = oes N = per Inch 

bed oe N tae 0.86602 Depth 

er Inc lam. A i . 

a Best Wire Depth V Rackad.: Min. Max. 

Thread Wire Wire 

80 0.00722 0.01083 0.00812 0.00722 | 0.0I1I55 
72 0.00802 0.01203 0.00902 0.00802 | 0.01312 
64 0.00902 0.01353 0.01014 0.00902 | 0.01443 
50 0.01031 0.01546 0.01160 0.01031 | 0.01604 
50 0.01155 0.01732 0.01299 0.01155 | 0.01804 
48 fo) 01203 0.01804 0.01353 0.0II55 | 0.02062 
44 0.01312 0.01968 0.01476 0.01155 | 0.0222T 
40 0.01443 0.02165 0.01624 0.01312 | 0.02406 
36 0.01604 0.02406 0.01804 0.01443 | 0.02624 
es 0.01804 0.02706 0.02030 0.01604 | 0.02887 
30 0.01924 0.02887 0.02161 0.01804 | 0.03039 
28 0.02062 0.03093 0.02319 0.01924 | 0.03207 
20 0.02221 0.03331 0.02408 0.02062 | 0.03608 
24 0.02406 0.03608 0.02706 0.02221 | 0.03608 
22 0.02624 0.03936 0.02052 0.02406 | 0.04124 
20 0.02887 0.04330 0.03248 |'0.02624 | 0.04441 
19 0.03039 0.04558 0.03418 0.02887 | 0.04811 
18 0.03207 0.04811 0.03608 0.02887 | 0.05020 
16 0.03608 0.05413 0.04060 0.03207 | 0.05774 
14 0.04124 0,06186 0.04640 0.04124 | 0.06415 
13 0.04441 0.06662 0.049906 0204124 | 0.06415 
12 0.04811 0.07217 0.05413 0.04441 | 0.07217 
11} 0.05020 0.07531 0.05648 0.04811 | 0.07217 
TE 0.05249 0.07873 0.05904 0.05020 | 0.08248 
Io 0.05774 0.08660 0.06495 0.05249 | 0.09622 
9 0.06415 0.090622 0.07218 0.05774 | 0.00622 
8 0.07217 0.10825 0.08119 0.06415 | 0.10407 
7 0.08248 0) 237.2 0.09279 0.07217 | 0.12830 
6 0.090622 0.14434 0.10825 0.090622 | 0.14434 
54 0.10497 0.15740 0.11805 0.090622 | 0.14434 
5 0.11547 0.17320 0.12990 0.10497 | 0.14434 
43 0.12830 0.19245 0.14434 0.11547 | 0.14434 
4 0.14434 0.21651 0.16238 0.12830 


Nore.—Sometimes taps have an outside diameter over basic, and the 
minimum wires given may not project above the tops of the thread. 

With 60-degree threads H = both the depth of a V thread and also the 
best wire constant. 


ForRMULA FOR AMERICAN 60-DEGREE THREADS 


Basie pitch diam. = Basic outside diam. — Depth American threads. 
Measured pitch diam. = M + Depth V. Threads — 3G. : 
If best wire is used, 


Measured pitch diam. = M — best wire constant. 


BRITISH THREADS 


CHECKING ANGLE oF THREAD 
Using two sizes of wires, Gi (large) and G2 (small). 


If angle is 60 degrees then 
Mi — M2 
G1 — Ge 


= 3.0000. 


For other angles the following results will be obtained: 
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Result 
Degrees 

3.0152 59 
3.0101 59 
3.0050 59 
3,-0000 60 
2.9950 60 
2.9900 60 
2.9850 60 


Angle 


Minutes 


WIRE Sizes AND CONSTANTS FOR 55-DEGREE THREADS 
This includes British Standard Whitworth and British Standard 


Fine Threads 


eon Depth of 
Diam. = 
Best V Thread 0.6403 4 : Best Wire 
No. Wire = 55 meme Diam. | Diam. | Constant 
Threads G= a ae = WMepenror Min. | Max 0.82308 
per Inch | 0.563602 0.96049 | Whitworth Wire Wire | = eNO 
N aie Thread 
40 0.01409 0.02401 0.01601 |0.014090]0.02013] 0.02060 
36 0.01566 0.02668 0.01779 |0.01409]0.02168| 0.02280 
32 0.01762 0.03002 0.02001 |0.01762/0.02563] 0.02577 
28 0.02013 0.03430 0.02287 |0.02013/0.02818] 0.02943 
26 0.02168 0.03604 0.02463 |0.02013]0.03132| 0.03169 
24 0.02349 0.04002 0.02668 |0.02349/0.03525| 0.03433 
22 0.02563 0.04366 0.02911 |0.02349]/0.03525| 0.03745 
20 0.02818 0.04802 0.03202 |0.02563/0.04026] 0.04120 
18 0.03132 0.05330 0.03557 |0.02818]0.04607| 0.04577 
16 0.03525 0.06003 0.04002 |0.03525|0.05124| 0.05155 
I4 0.04026 0.06861 0.04574 |0.04026]0.05637| 0.05886 
aie 0.04697 0.08004 0.05336 |0.04697/0.07046] 0.06866 
II 0.05124 0.08732 0.05821 |0.04697}0.07046] 0.07491 
Io 0.05637 0.09605 0.06403 |0.05124/0.08053} 0.08240 
9 0.06263 0.10672 0.07115 |0.05637|0.09396| 0.090155 
8 0.07046 0.12006 0.08004 |0.07046]0.00396| 0.10300 
vf 0.08053 0.13721 0.09148 |0.08053]0.11274| 0.11771 
6 0.09396 0.16008 0.10672 |0.09396|0.1400902] 0.13733 
5 0.11274 0.19210 0.12807 |0.09396|0.14092| 0.16480 
43 0.12520 0.21344 0.14230 |0.11274/0.16105| 0.18311 
4 0.14002 0.24012 0.16008 |0.14092]0.16105| 0.20600 
34 0.16105 0.27443 0.18295 |0. 16105 0.23542 
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FORMULA FOR 55-DEGREE THREADS 
Basic pitch diam. = Basic outside diam. — Depth of thread. 
Measured pitch diam = M + °° 4° — 3.16568 G. 
If best size wire is used, then the 
easured pitch diam. = M — best wire constant. 
CHECKING ANGLE OF THREAD 


Using two sizes of wires, Gi (large) and Gz (small). If the angle is 55 
degrees then fe > 
yi 2 


Gi — G2 
For other angles the results shown below will be obtained: 


= 3.1657. 


Angle 
Result 
Degrees Minutes 

3.1840 54 30 
3.1778 54 40 
3-1717 54 50 
3.1657 55 

3.1596 55 10 
3-1536 55 20 
3-1477 55 30 
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WrirE SIZES AND CONSTANTS FOR 60-DEGREE Metric THREADS 


For For 

fre 0.86602 ae: 0.64951 fae Max. 

. G. N N ire ire 
Ca sal eee oSTSS Depth of | Depth of | Use | Use 
Milli- per MigmeaBest Sharp V 60-degree Best Best 

meters Inch Wiss Thread also Metric Wire of] Wire of 
Best Wire | Thread in | Pitch | Pitch 

Constant Inches Given | Given 

Below | Below 

(2 fei el eee 
0.24 105.8 0.00546 0.00818 0.00614 0.24 0.42 
On27 94.1 0.00614 0.00921 0.00690 0.24 0.45 
0.30 84.7 0.00682 0.01023 0.00767 0.27 0.45 
0.33 sO 0.00750 0.01125 0.00831 0.30 0.45 
0.36 70.6 0.00818 0.01227 0.00920 0.33 0.60 
0.39 65.2 0.00886 0.01330 0.00981 0.33 0.60 
0.42 60.5 0.009055 0.01432 0.01073 0.36 0.60 
0.45 56.4 0.01023 0.01534 0.01150 0.42 0.75 
0.60 42.3 0.01364 0.02046 0.01534 0.60 I.00 
0.75 33.9 0.01705 0.02557 0.01918 0.75 L.25 
0.90 28.2 0.02046 0.03069 0.02302 0.90 I.50 
1.00 25.4 0.02273 0.03410 0.02556 I.00 1.75 
1.25 20.3 0.02841 0.04262 0.03196 Tr 25) 2.00 
I.50 16.9 0.03410 0.05114 0.03836 I.50 2.50 
TS 14.5 0.03978 0.059067 0.04475 1.75 3.00 
2.00 Lae, 0.04546 0.06819 0.05112 T.75 3.50 
2.50 10.2 0.05683 0.08524 0.06303 2.50 4.00 
3.00 8.5 0.06819 0.10229 0.07672 3.00 5.00 
3.50 7-3 0.07956 0.11933 0.08950 3.50 5-50 
4.00 6.4 0.09092 0.13638 0.10221 3.50 7.00 
4.50 5.6 0.10229 0.15343 0.I1507 4.50 7.50 
5.00 Shalt 0.11365 0.17048 0.12786 4.50 7.50 
5.50 4.6 0.12502 0.18752 0.14064 5.00 8.00 
6.00 4.2 0.13638 0.20457 0.15343 5.50 8.00 
6.50 3.9 0.14775 0.22162 0.16621 6.00 8.00 
7.00 3.6 O.IS5OIL 0.23867 0.17900 6.50 8.00 
7.50 3.4 0.17048 0.25572 0.19179 7.00 8.00 
8.00 Sie 0.18184 0.27276 0.20457 7.00 


Note.—The thread depth given above corresponds to a } flat both at the 
top and bottom of the thread. Usually the flat at the bottom is made 7s of 
the pitch to provide a greater clearance. 

Formula same as American thread, including angle measurement, 

Basic pitch diam. = Basic outside diam. — Depth of thread. 


Measured pitch diam. = M + Depth V. Threads— 3G. 


If best wire is used, then the i 
Measured pitch diam. = M — best wire constant. 
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BRITISH ASSOCIATION THREAD 20 


CuECKING ANGLE oF THREAD 


Using two sizes of wires Gi (large) and G2 (small), then if the angle is 
4734 degrees 


Mi — M2 _ 82 
Gi — G2 34020! 


For other angles the following results will be obtained: 


Angle 

Result -—£—————_ 

Degrees | Minutes 
3.5078 47 
3.4995 47 10 
3-4912 47 20 
3.4829 47 30 
3-4748 47 40 
3.4666 AZT 50 
3-4586 48 


Wire measurement tables by H. L. Van Keuren, 


SCREW THREADS 


Dimensions or Metric THREADS 


p= Pitch 
Formula / d= Depth = p x .6495 


=Flat 2 
f=Flat a 
Diameter of Pitch Diameter at Root Width of 
Screw mm. mm. of Thread mm. Flat mm, 
3 0.5 2.35 06 
4 0.75 3:03 209 
5 9.75 4.03 pe 
6 1.0 4.70 +13 
7 5 1.0 5-70 13 
8 1.0 6.70 rig} 
8 1.25 6.38 -16 
9 1.0 7-70 “1G 
9 1.25 7.38 -16 
Io I.5 8.05 -19 
II ba 9.05 -19 
12 1.5 10.05 +19 
12 1.75 9-73 22 
14 2.0 II.40 25 
16 2.0 13.40 225 
18 2.5 14.75 +31 
20 2.5 16.75 31 
22 2.5 18.75 31 
22 3.0 18.10 -38 
24 3.0 20.10 .38 
26 3.0 22.10 +38 
27 3.0 23.10 -38 
28 3.0 - 24.10 38 
3° 3-5 25-45 44 
32 3-5 27-45 “44 
33 35 28.45 “44 
34 3-5 29.45 44 
36 4.0 30.80 5 
38 4.0 32.80 5 
39 4.0 33-80 5 
4o 4.0 34.80 A) 
42 4.5 36.15 56 
44 45 38-15 +56 
45 4.5 39-15 +56 
46 4.5 40.15 -56 
48 5.0 41.51 63 
5° 5.0 43-51 63°, 
52 5.0 45-51 03 
56 555 48.86 -69 
60 SS 52.86 -69 
64 6.0 56.21 “75 
68 6.0 60.21 75 
72 6.5 63.56 81 
76 6.5 67.56 81 
Cn. Ow ton. a oe. one QQ 
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ROLLED THREADS 


The rolled-thread process dates back more than 50 years and was 
first patented in England. It was first used on comparatively rough 
work such as track bolts, but has come to be used on such fine work 
as the sizing of taps and screws for micrometers. 

The thread is forced up into the dies so that the finished-screw is 
larger than the original wire by about the depth of one thread. In 
this way the size of the wire to use for any screw may be found by 
subtracting the depth of one thread from the outside diameter of 
the screw. Exact allowance depends on material being rolled and 
other conditions. ; 

The dies are usually flat plates of steel, having grooves of the same 
pitch and shape as the thread to be rolled. The dies can be easily 
laid out as follows: 

Draw a horizontal line equal in length to the circumference of the 
wire or blank, and at its end draw a vertical line equal to the lead of 
the screw. The diagonal line made by joining these two points 
shows the angle of incline of the grooves. This can be done more 
easily if both the circumference and the pitch are laid out to ten 
times their actual dimensions. 

The diameters of the blanks are the pitch diameter of the finished 
thread and can be found in the Thread Tables, pages 47 and 55. 


TO CORRECT PITCH DIAMETER TO MICROMETER 
READING 


Tables on pages 31 and 32 will save many calculations. The 
decimal shown by the asterik gives the amount to add to the pitch 
diameter to find the micrometer reading over the wires if the P. D. 
is correct. For a 1-inch, 8-pitch American thread the P. D. is 
0.91881 inch. With the best wire the table shows 0.108253 as the 
amount to add. ‘The sum is 1.02711 as before. The other figures 
show the amounts to be added to the P. D. when wires of the other 
sizes designated are used. 

For threads of other angles the following formule are used: 

Whitworth 55 deg—M = P. D-—o.960491 P + (3.1647 G) 

British Asso. 474 inches—M = P. D—1.13633 P + (3.48209 G) 

Lowenherz 53 deg. 8 min—M = P. D—P + (3.23594 G) 

Acme—29 deg. M = P. D—1.93334 P + (4.9938 G) 


OPTICAL METHODS OF MEASURING THREADS 


There are several makes of apparatus for optical measurement, 
both in this country and abroad. One method makes direct observa- 
tions of the magnified screw thread, while the other projects an 
image of the thread against a greatly magnified chart and compares 
the outlines in this way. With the apparatus set by a screw of 
correct pitch diameter, the projected shadow not only shows the 
thread form but also whether the diameter is within the tolerance 
laid out on the chart. Some of these devices are very compact 
and allow of easy manipulation, so that screw threads can be 
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inspected very rapidly. A chart from a Hartness comparator. 
Fig. 16, shows how the magnified shadow is compared with the 
greatly enlarged chart and very slight errors detected at a glance. 


THREAD FORMS, SIZES AND TOLERANCES 


Great changes have taken place in screw threads during the past 
few years. The form of the Sellers, Franklin Institute or U.S. S 
thread remains but modern practice pays close attention to pitck 
diameter instead of outside diameter and to tolerances of diameter 
lead and angle, as all have a direct bearing on the fit. The old 
standards only considered form, outside diameters and corre- 
sponding pitches. So the U.S. S. and S. A. E. threads have giver 
way to the American (National) Standard that includes all these 
dimensions. The tables that follow represent nearly ten years o! 
work on the part of committees of the A. S. M. E., the S. A. E 
and the National Screw Thread Commission. It is urged that we 
drop the term U. S. S. and S. A. E. thread and use Americar 
(National) Standard coarse or fine instead. 

The main point to fix in mind is that both the outside and root 
diameters are relatively unimportant except that no thread shoul 
bear on either the crest or the root. The pitch diameter is very 
important, this corresponding to the pitch diameter of gears. The 
lead is also important as is the tooth spacing in gears. The com- 
bination of pitch diameter and lead has a great effect on the fit. 

Thread measurement now deals principally with the pitch diam- 
eter and lead, the three-wire method superseding the two-wire 
and the optical method also gaining infavor. The tablesshow the 
standard dimensions and tolerances for threads of different degrees 
of accuracy. It is urged that these tolerances be specified and used 
in all cases, selecting the kind of fit required by the work in hand. 
Tables of the new standards are included in this section beginning 
on page 30. 


AMERICAN STANDARD SCREW THREADS FOR BOLTS, 
MACHINE SCREWS, NUTS AND COMMERCIALLY 
TAPPED HOLES 


This section is from the report of a Committee on the Standardiza- 
tion and Unification of Screw Threads prepared in collaboration 
with the National Screw Thread Commission, the A.S.M.E. and 
the S.A.E. and approved by the American Engineering Standarc¢ 
Committee in May, 1924. 
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Terms RELATING TO ScREW THREADS 


Screw Thread.—A ridge of uniform section in the form of a helix 
on the external or internal surface of a cylinder or cone. 

External Thread.—An external thread is a thread on the outside 
of a member. 

Internal Thread.—An internal thread is a thread on the inside of 
a member. 


e 
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Fic. 17.—Screw Thread Parts 


Major Diameter.—The largest diameter of a screw thread. 
The term “major diameter” replaces the term ‘‘outside diameter” 
as applied to the thread of a screw and also the term “full diameter’’ 
as applied to the thread of a nut. 

Minor Diameter.—The smallest diameter of a screw thread. 
The term “minor diameter” replaces the terms “core diameter” 
and “root diameter’”’ as applied to the thread of a screw and also 
the term “‘inside diameter” as applied to the thread of a nut. 

Pitch Diameter.—On a straight screw thread the diameter of an 
imaginary cylinder, the surface of which would pass through the 
threads at such points as to make equal the width of the threads 
and the width of the spaces cut by the surface of the cylinder. 

Pitch.—The distance from a point on a screw thread to a corre~ 
sponding point on the next thread measured parallel to the axis. 

I 
Number of threads per inch 
Lead.—The distance a screw thread advances axially in one turn. 
On a single-thread screw, the lead and pitch are identical; on a 
double-thread screw, the lead is twice the pitch; on a triple-thread 
“screw, the lead is three times the pitch, etc. 
Angle of Thread.—The angle included between the sides of the 
thread measured in an axial plane. 


Pitch (in inches) 
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Helix Angle.—The angle made by the helix of the thread at the 
pitch diameter with a plane perpendicular to the axis. 

Crest.—The top surface joining the two sides of a thread. 

Root.—The bottom surface joining the sides of two adjacent 
threads. 

Side.—The surface of the thread which connects the crest with 
the root. 

Axis of a Screw.—The longitudinal central line through the screw. 

Depth of Thread.—The distance between the crest and the root 
of thread measured normally to the axis. 


Length of Engagement.—The length of contact between two 


mating parts, measured axially. 
Depth of Engagement.—The depth of thread contact of two mat- 
ing parts, measured radially. 


TeRMS RELATING TO CLASSIFICATION OF FITS 


Basic.—The theoretical or nominal standard size from which all 
variations are made. 

Crest Clearance.— Defined on a screw form as the space between 
the crest of a thread and the root of its mating thread. 

Allowance.—An intentional difference in the dimensions of 
mating parts. It is the minimum clearance or the maximum inter- 
ference which is intended between mating parts. 

Tolerance.—The amount of variation permitted in the size of a 
part. 

Neutral Zone.—A positive allowance. (See Allowance.) 

Limits.—The extreme permissible dimensions of a part. 

Fit.—The relation between two mating parts with reference to 
ease of assembly; for example, wrench fit, close fit, medium fit, 
free fit. The quality of fit is dependent upon both the relative size 
and the quality of finish of the mating parts. 

Finish.—The character of the surface on a screw thread. 


Symbols 


Dimensional Symbols.—For use in formulas for expressing rela- 
tions of screw threads and for use on drawings and for similar 
purposes the following dimensional symbols should be used: 


Major, \diameter.«.2v:taie sia Wake sic vices auneine pacacihe Serene D 
Corresponding radius. |i jeis;ct-:e 1s seis iciclseath en? Eee d 
Pitch, ‘diameters ec ctoe ont tus eit aoe eal een ae E 
Corresponding. PadIUS) 0. tonal 4s hcletess pag air 1a ee @ 
Minor diameter. si: 22 0). sis saan saline ae eee iy 
Corresponding: radiusiy9, ame \si-suleeeg eden let a eae es k 
Angletofl threadaenss. Lj Ite fiwudoe archaea Ween A 
One-half-angle: of thread iy chepicsersts g anisied nies ol emis a 
INumber!of turns per inch . iis). o:l4- ae oroe- Syile aele N 
Number of threads:per inch »;4. .i:25)0224 + ences Sue 456% 
Dead cr asians yeh ret Salem Cae a Les 
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Helix angle... 0... OP ERIE DAL TMA. tecal ¢ Ss 
ancentionbelr angle. 2: 4. QERORL-A.S S= ; we XE 
Width of basic flat at top crest or root................ F 
DWeprneot basic, truncationtr meer. OAR iff 
Tilcaydas. oF) Joi abaya) AVA A al dofeKelpipaeibedl a cskpedel uname st ba ea cae H 
Depth of American (National) form of thread....:.... h 
SyMBOLS FOR WIRE MEASUREMENTS 
Measurement cOVELr WITES 5... + 5-04 iain tes atavie® os M 
TD RRP TREES AC ANG 70 RR eS SEIS NM RI a SP CORRE G 
MERE S AON CMOS TAGUUS «<5. Ah. seicc Me xtc tps aes: BeruBe reads g 


Identification Symbols.—These are for use on correspondence, 
rawings, shop and storeroom cards, specifications for parts, taps, 
ies, gages, etc., and on the tools and gages themselves. 

The basis of the system is the initial letters of the series, preceded 
y the diameter in inches (or the screw number) and number of 
reads per inch followed by the classification of fit all in Arabic 
1aracters. If the thread is'left-hand the symbol ‘‘L. H.’ shall 
low the number of threads. No symbol is used to distinguish 
ght-hand threads. 


EXAMPLES: Mark 


American (National) Coarse- Thread System: To 

yecify a threaded part 1 inch in diameter, 8 

ireads per inch, and Class 2 fit... Le... 1”-8-NC-2 
American (Ni ational) Fine:Thread S ystem: A 

yreaded part 1 inch in diameter, 14 threads per 

ch, left-hand thread, and Class. 4 fite AM Mecenal 1”—14-LH-N F-4 
American (National) Form, Special Pitch: A 

ireaded part 1 inch in diameter, r2 threads per 

ebeamdiClassval tity) fh eel) SMI OO mci 1”=12-N=3 


Note: The number of threads per inch must be indicated in all 
ses, irrespective of whether it is the standard number of threads 
x that particular size of threaded part or special. 


Form of Thread 


The form of thread profile as specified herein, and known pre- 
ously as the United States Standard or Sellers’ Profile, is adopted 
@ ee hereafter be known as the American (National) Form of 
hread. 

Specifications.—-The basic angle of thread between the sides of 
ie thread measured in an axial plane shall be 60 degrees. The line 
secting this 60-degree angle shall be perpendicular to the axis 
the screw thread. 

‘The basic width of flat at the root and crest of the thread form is 
und as follows: 


Fi= 4X poor o125 Xp 
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The basic depth of the thread form is found as follows: 
h = 0.649519 X p = 2-849819 
where # = pitch in inches. 
n = number of threads per inch. 

Clearance in Nut at Minor Diameter——A clearance shall t 
provided at the minor diameter of the nut by removing the threa 
form at the crest by an amount between one-sixth and one-fourt 
of the basic thread depth. 

Clearance in Nut at Major Diameter.—A clearance at the maj 
diameter of the nut shall be provided by decreasing the depth « 
the truncation triangle any desired amount down to one-third « 
its theoretical value. 


THREAD SERIES ADOPTED 


Two thread series are adopted—a coarse and afine. The Coars 
Thread Series is the present ‘‘United States Standard” supple 
mented in the sizes below 3 inch by a part of the standard establishe 
by the American Society of Mechanical Engineers (A.S.M.E.) i 
1907. The Fine-Thread Series (} to 13 inches inclusive) is in acco: 
dance with the present “‘ Regular Screw-Thread Series of the $.A.] 
Standard for Screw-Threads”’ established by the Society of Aut 
motive Engineers (S.A.E.) in 1911, supplemented in sizes below 
inch by the Fine-Thread Series established by the American Societ 
of Mechanical Engineers (A.S.M.E.). 

These two series are specified in Table 1. 


CLASSIFICATION OF Fits 


Four distinct classes of screw-thread fits are established fc 
general use, as specified in the following brief outline. The example 
given under each class of fit are for the purpose of illustration onl; 

Loose Fit (Class 1)—Recommended as a commercial standar 
for tapped holes in the numbered sizes only. May be used wit 
screws of other classes to obtain quality of fit desired. 

Free Fit (Class 2).—Includes the great bulk of screw-thread wor 
of ordinary quality of finished and semi-finished bolts and nuts, et: 
(Called “Medium Fit Regular” in the N.S.T.C. “Progre: 
Report.”’) : 

Medium Fit (Class 3).—Includes the better grade of interchange 
able screw-thread work, such as automobile bolts and nuts (Calle 
““Medium Fit Special” in N.S.T-C. “Progress Report’). 

Close Fit (Class 4).—Includes screw-thread work requiring 
fine snug fit, somewhat closer than the medium fit, such as high 
grade aircraft parts, etc. In this class of fit selective assembly ¢ 
parts may be required. It is not considered practicable as a com 
mercial standard for tapped holes of the numbered sizes. 


A Seconp MetsHop or Osrarsmnc MEDIUM Fir (Crass 3) 


A detailed examination of the tolerances given in Tables 3, 
and 5 will indicate that the same quality of fit as given by mediur 
fit screws and threaded holes can be obtained by using screws t 
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TaBLe 1—TxHE Two-THReap SERIES 


I 2 3 + 5 6 
Helix Angle at Helix Angie at 
Basic Coarse | Pitch Diameter| fine | Pitch Diameter 


Seed Major Series, Series, 
Diameter | Threads fr Threads 
in Inches | perInch}] De Min | perInch} De. Min- 


grees utes grees utes 
| 

° 0.0600 80 4 23 
I 0.0730 64 4 3r 72 3 57 
2 0.0860 56 4 22 64 3 45 
3 0.0990 48 4 26 56 S 43 
4 0.1120 40 4 25 48 3 Sr 
5 0.1250 40 4 rz 44 3 45 
6 0.1380 32 4 50 40 3 44 
8 0.1640 32 3 58 36 3 28 
Bae) 0.1900 24 4 39 32 3 2r 
12 0.2160 24 4 I 28 3 22 
= 0.2500 20 4 It 28 2 52 
+s 0.3125 1s 3 40 24 2 40 
3 0.3750 16 3 2. 24 2 Ir 
ye 0.4375 14 3 20 20 2 15 
3 0.5000 13 3 7 20 I 57 
* 0.5625 12 2 59 8 I 355 
= 0.6250 Ii 2 56 18 I 43 
2 0.7500 10 2 40 16 I 36 
4 0.8750 9 2 31 14 I 34 
I I.0000 8 2 29 14 I 22 
ii 1.1250 7 2 31 12 I 25 
ped 1.2500 7 2 I5 12 I 16 
r I.5000 6 2 Ir 12 I 3 

I.7500 5 2 15 2! 

2 2.0000 43 2 Ir 12! 

2 2.2500 43 I 55 t2! 

2} 2.5000 4 I S37 r2t 

2 2.7500 4 I 46 r2t 

3 3.0000 4 I 36 rot 


_ 1 These pitches are suitable for work requiring short engagement where it 
is not practical to specify tolerances es all conditions. They are not, 
gage y included in the succeeding tables. 


close fit tolerances in holes made to free fit tolerances, or vice versa. 

e general adoption of this practice will reduce the variety of taps, 

, threaded parts, etc., required to be carried in stock. However, 

e combination of free and close fits should be used in place of 

medium fit only when the substitution is understood and agreed 
4 by all parties concerned. 

Conditions Requiring Special Fits.—In cases where looser fits are 

uired than those given by the above-named classes, the use of 

loose se of the National Screw Thread Commission is 

ended, 
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TaBLE 2.—LooseE Fir (Crass 1) 
Allowances and Tolerances for Nuts 


I 2 3 4 S 
i Tolerances in 
Threads Allowances Dis wheter Tee. } Angle 
per Inch peibiae Tolerances ances}? 
in Inches Inches . 
Degrees | Minute 
80 ©. 0000 0.0024 ©.0007 3 40 
72 ©.0000 0.0025 0.0007 3 26 
64 ©, 0C0O 0.0026 0.0008 3 Io 
56 ©, 0000 0.0028 0.0008 3 ° 
48 ©.0000 0.0031 0.0009 2 50 
44 0.0000 0.0032 ©.0009 ‘n 41 
40 ©.0000 0.0034 ©.0010 2 36 
36 ©. 0000 0.0036 ©. 0010 2 28 
32 0.0000 0.0038 ©.OOIT 2 be) 
28 ©. 0000 0.0043 0.0012 2 18 
24 0.0000 0.0046 0.0013 2 6 


1 The tolerances specified for pitch diameter in column 3 are cumulativ 
and include all errors of lead and angle. The full tolerance on pitch diamet 
is therefore not available unless the lead and angle of the thread are perfec 
Columns 4 and 5 give, for information, the error in lead (per length of threa 
engaged) and in angle, respectively, which can each be compensated for b 
half the tolerance on pitch diameter shown in column 3: If lead and an 
error both exist to the amount tabulated, the pitch diameter of a bolt, f 
example, must be reduced by the full tolerance or it will not enter a bas: 
nut or gage nor is the full tolerance available unless the gage be perfect. J 
no lead error existed on such a bolt, the angle error could be twice that giver 
and vice versa; but these extreme conditions are not contemplated as bein 
desirable. See Gages and Gaging of Screw Threads. 

2 Variation in lead between any two threads not farther apart than th 
length of engagement. 


Special Pitch and Diameter Combinations.—In general, th 
tables given are intended for use with the two standard threa 
series only. The application of fine pitches to large diameter 
pe questions of workmanship which affect the grade of fi 
chosen 

When a pitch of thread is used with a diameter not called for i 
a standard thread series, it shall be defined as of ‘America 
(National) Form,” but not as “American Standard.” 


GENERAL SPECIFICATIONS 


The following general specifications will apply to all classes of fit 
specified in the body of the report. For special ‘specification 
applying to the loose fit class see the Commission’s Report. 

Uniform Minimum Nut.—The pitch diameter of the minimur 
threaded hole or nut corresponds to the basic size, variations bein 


UNIFORM TAP DRILL SIZES 4I 


TABLE 3.—F REE Fit (CrAss 2) 
Allowances arid Tolerances for Screws and Nuts 


| I 2 3 | 4 | 5 
Pi Tolerances in 
Threads | Allowances Dideserte T Rees Bu ee 
per Inch in Inches Tolerances! |~ She THGheS 
in Inches Degrees | Minutes 
80 ©.0000 0.0017 0.0005 2 36 
72 ©. 0000 0.0018 ©. 0005 2 28 
64 ©. 0000 0.0019 ©. 0005 2 19 
56 ©. 0000 0.0020 ©. 0006 2 8 
48 ©. 0000 0.0022 0.0006 2 I 
44 ©.0000 0.0023 0.0007 I 56 
40 ©.0000 0.0024 ©.0007 I 50 
30 0.0000 0.0025 ©.0007 I 43 
} 32 0.0000 0.0027 0.0008 I 39 
28 0.0000 0.0031 0.0009 7 39 
24) 4 2.0000 0.0033 ©,0010 I 3r 
20 ©.0000 0.0036 0.0010 I 22 
\ 18 ©.0000 0.0041 ©.0012 iE 25 
| 16 ©.0000 0.0045 0.0013 I 22 
I4 ©.0000 0.0049 0.0014 I 19 
| 

13 ©.0000 0.0052 0.0015 I 17 
i 12 ©.0000 0.0056 0.0016 I 17 
i II ©.0000 0.0059 0.0017 I 14 
Io 0.0000 0.0064 0.0018 © I 13 
9 0.0000 0.0070 ©.0020 I 12 
8 0.90000 0.0076 0.0022 I 10 
7 ©. 0000 0.0085 ©.0025 I 8 
6 ©, 0000 ©.OI01 ©.0029 I 9 
5 ©. 0000 ©.0116 0.0033 Tj 6 
43 2.0000 0.0127 0.0037 I | 5 
4 ©.0000 ©.0140 ° I 4 


.0040 


1See note under Table 2, page 40. 
2 Variation in lead between any two threads not farther apart than the 
length of engagement. 


permitted above the basic size. The major and minor diameters 
of the minimum nut are also uniform for all casses of fit. 

Uniform Tap Drill Sizes.—The maximum and minimum minor 
diameters and the consequent minor diameter tolerances are the 


ft 
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TaBLE 4.—Meprum Fir (Crass 3) 
Allowances and Tolerances for Screws and Nuts 


I | 2 | 3 | 4 | Ss 
Pitch Tolerances in 
Threads Allowances | Diameter nt bead) es? 4 Angle? 
per Inch in. Inches Tolerances! neat 
in Inches Degrees | Minutes 
80 ©.0000 0.0013 0.0004 I 59 
72 ©.0000 0.0013 ©. 0004 I 47 
64 2.0000 0.0014 0.0004 I 43 
56 ©.0000 0.0015 ©. 0004 I 36 
48 ©.0000 0.0016 ©. 0005 I 28 
44 0.0000 0.0016 ©. 0005 I 23 
40 ©.0000 0.0017 ©.0005 I 18 
36 ©. 0000 0.0018 ©. 0005 I 14 
32 ©.0000 0.0019 0.0005 I 10 
28 ©. 0000 0.0022 0.0006 I II 
24 © .0000 0.0024 0.0007 I 6 
20 2.0000 0.0026 ©. 0008 I ° 
18 ©. 0000 0.0030 ©.0009 I 2 
16 0.0000 0.0032 ©. 0009 ° 59 
14 0.0000 0.0036 0.0010 ° 58 
13 0.0000 0.0037 0.0011 ° 55 
12 ©.0000 ©.0040 ©.0012 ° 55 
II ©.0000 ©.0042 ©.0012 ° 53 
Io 0.0000 ©.0045 0.0013 ° 52 
9 ©.0000 0.0049 0.0014 ° ims 
8 ©. 0000 0.0054 0.0016 ° 50 
7 ©. 0000 0.0059 0.0017 ° 47 
6 0.0000 0.0071 0.0020 ° 49 
5 0.0000 0.0082 0.0024 ° 47 
43 0.0000 0.0089 0.0026 ° 46 
4 ©. 0000 0.0097 0.0028 ° 44 


1See note under Table 2, page 40. 
2 Variation in lead between any two threads not farther apart than the 
length of engagment, 


same for all nuts of a given size for all classes of fit. This permits 
uniform tap drill sizes for all classes of fit. 

Uniform Major and Minor Diameter of Screws.—The maximum 
and minimum major and minor diameters are the same for all 
screws of a given size for all classes of fit herein tabulated. 
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| TABLE 5.—CLosE Fir (Crass 4) 
Allowances and Tolerances for Screws and Nuts 


pan a il 


| Interference Pitch Lead! Tolmnes in 


Threads per | or Negative | Diameter ; 
neh Allowances | Tolerances! Tolerances 


in Inches in Inches in- Inches Degrees | Minutes 

80 ©, 0001 © 0006 0.0002 ° 55 
72 ©. OCOT 0.0007 0.0002 ° 58 
| 64 ©. 0001 0.0007 ©.0002 ° 51 
56 ©.0002 _ 0.0007 0.0002 fo) 45 
48 ©.0002 0.0008 0.0002 ° 44 
44 0.0002 0.0008 0.0002 ° 40 
40 ©.0002 0.0009 0.0003 ° 41 
36 ©.0002 ©. 0009 ©.0003 ° 37 
22 ©.0002 ©.0010 ©,.0003 ° 37 
28 0.0002 ©. OO1L 2.0003 ° 35 
24 ©.0003 2.0012 0.0003 ° 33 
20 ©,c003 0, 0013 0.0004 ° 30 
18 0.0003 0.0015 0.0004 ° 31 
16 ©. 0004 0.0016 ©..0005 ° 29 
14 ©, 0004 0.0018 0.0005 ° 29 
13 0.0004 ©.0019 ©.0005 ° 28 
| 12 0.0005 0.0020 0.0006 fo) 28 
II ©.0005 ©.002T 0.0006 ° 26 
Io 0.0006 0.0023 ©.0007 ° 26 
9 0.0006 0.0024 ©.0007 ° 25 
8 0.0007 ©.0027 0.0008 ° 25 
7 0.0008 0.0030 0.0009 fo) 24 
6 0.0009 0.0036 ©.0010 ° 25 
5 ©.0010 0.0041 0.0012 ° 23 
43 ©. 0011 ©.0044 0.0013 ° 23 
4 0.0014 0.0048 0.0014 ° 22 


' 1See note under Table 2, page 4o, 


Length of Engagement.—The tolerances herein determined are 
based on a length of engagement not to exceed the nominal or 
major diameter of the screw. Where greater lengths of engage- 
ment are required, a corresponding increase in the accuracy of lead 
and thread form is necessary, which may be obtained by the provi- 
sion of selection of more accurate threading tools, and the use of 
longer ‘‘go” gages. 
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Rounded Root Forms.—The crest clearances allowed are sucy 
as to permit rounded root forms in both nut and screw. These maj 
be formed either by tools purposely rounded or rounded as a resuli 
of wear in use. For the limits of this permissible rounding se 
Tolerances, page 45. 

DEFINITIONS 


Loose Fit (Class 1).—This class of screw threads is, in this report 
recommended for use in tapped holes in the nwmbered sizes only 
For such use it will be defined and specified as follows: 

Minimum Nut is Basic. 

Sagi ie of Tolerance on Nut: The tolerance on the nut will b¢ 
us. 
: Tolerance Values: The tolerances for a nut of a given pitch will b« 
as specified in Table 2. 

Free Fit (Class 2).—This class of screw threads will be defined 
and specified as follows: 

Minimum Nut is Basic. 

Maximum Screw is Basic. | 

Direction of Tolerance on Nut: The tolerance on the nut will LY 

plus. © | 

Direction of Tolerance on Screw: The tolerance on the screw wil! 
be minus. 

Zero Allowance: The allowance between the pitch diameter of the 
maximum screw and minimum nut will be zero for all pitches and 
all diameters. | 

Tolerance Values: The tolerances for a screw or nut of a given 
pitch will be specified in Table 3. 

Medium Fit (Class 3).—This class of screw threads will be 
defined and specified as follows: 

Minimum Nut is Basic. 

Maximum Screw is Basic. 

Direction of Tolerance on Nut: The tolerance on the nut will be 
plus. 

Direction of Tolerance on Screw:! The tolerance on the screw 
will be minus. 

Zero Allowance: The allowance between the pitch diameter of the 
maximum screw and the miminum nut will be zero for all pitches 
and all diameters. 

Tolerance Values: The tolerances for a screw or nut of a given 
pitch will be specified in Table 4. E 

Close Fit (Class 4).—This class of screw threads will be defined 
and specified as follows: 

Minimum Nut is Basic. 

Maximum Screw is Above Basic: The major diameter and pitch 
diameter of the maximum screw will be above dimensions by the 
amount of the negative allowance (interference) specified in Table 5. 

Direction of Tolerance on Nut: The tolerance on the nut will be 

lus. : 
. Direction of Tolerance on Screw: The tolerance on the screw will 
be minus. 


1The maximum minor diameter of the screw is above the basic minor 
diameter. 
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Allowance Values: The negative allowance (interference) 
provided between the pitch diameter of the minimum nut, 
which is basic, and that of the maximum screw, which is above basic, 
will be as specified in Table 5. 

Tolerance Values: The tolerance for a screw or nut of a given pitch 
will be as specified in Table 5. 


TOLERANCES 


Tolerances Represent Extreme Variations.—The tolerances as 
hereinafter specified are for the classes of fit listed in the body of the 
report, and represent the extreme variations allowed on the work 
(see illustration below). 

_ Pitch-Diameter Tolerances.—These are derived from the pitch 
of the thread instead of from the diameter. The method of deri- 
vation is explained on page 62. 


Rounded Form 
Actually made by 
Worn Too 


Jiseonss 


y 


Wj ~~ Maximum Seraw 
..- Minimum Screw 
EY 
Prete oe ~ Y CY Minimum Nut 


“ip 
Uy, 


S Reot of Mut 


Minimum Not 
{Maximum Noe 


SS basic Root 

\ of Screw. 

Fic. 18.—TIllustrating Tolerances and Crest Clearances for Free 
and Medium Fits (Classes 2 and 3) 


Pitch-Diameter Tolerances Include Lead and Angle Variations.— 
The relations between these quantities are expressed by columns 
4and 5 of Tables 2, 3, 4 and 5 and are explained by the note at the 
bottom of each table (see page 40). 

These relations may be automatically insured by using a “go” 
- gage of the length of engagement required, or by projecting an 
equivalent length of thread on a suitable chart, or by so projecting a 
single thread constrained for the required length of engagement, or 
by any other means which preserves the mathematical relation 
between variations in pitch diameter, lead and form. 
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Pitch-Diameter Tolerances on Screw Same as on Nut.—The 
pitch-diameter tolerances provided for a screw of a given class of 
fit will be the same as the pitch-diameter tolerances provided for the 
corresponding nut of the same class of fit. 

Tolerances on Major Diameter of Screw Twice Pitch Diameter 
of Tolerances for Free Fit—The allowable tolerances on the major 
diameter of screws of all classifications will be twice the tolerance 
(ee eit on the pitch diameters of screws of the Free Fit 

Class 2). 

Tolerances on Minor Diameter of Screw.—The minimum minor 
diameter of a screw of a given pitch will be such as to result in a 
basic flat (} & p) at the root. 

The maximum minor diameter is that which would result from 
the use of a threading tool, set at the maximum pitch diameter, 
whose point has been worn or ground back from the basic outline 
by an amount equal to one-eighteenth of the basic depth of engage- 
ment (js # or 0.03684 p). It is permissible that the resulting root 
line shall be rounded Inno case, however, should the form be such 
as to cause the screw to be rejected on the minor diameter by a 
“‘go” ring rage, the minor diameter of which is equal to the mini- 
mum minor diameter of the nut. 

Tolerances on Major Diameter of Nut.—The maximum major 
diameter of the nut of a given pitch will be such as to result in 
a flat one-third of the basic flat (st x #). 

The nominal minimum major diameter of the nut equals the 
basic major diameter. In practice a clearance is provided to facili- 
tate manufacture by permitting a slight rounding or wear at the 
crest of the tap. In no case, however, should the outline resulting 
from a worn tap or cutting tool be such as to cause the nut to be 
rejected on the major diameter by a “‘go”’ plug gage made to basic 
form and dimensions at the crest. 

Tolerances on Minor Diameter of Nut.—The tolerances on minor 
diameter of a nut of a given pitch will be one-sixth of the basic 
thread depth regardless of the class of fit being produced (% h 
or 0.10825 ~). The maximum and minimum minor diameters are 
determined by the conditions set forth on page 38, Par. 3. In the 
case of a punched hole the average diameter of the hole shall govern. 


Coarse-Thread Series 


The American Standard Coarse-thread Series, defined in Table 6, 
is recommended for use with free-fit (Class 2) tolerances, and 
medium-fit tolerances (Class 3). Its use with close-fit (Class 4) 
tolerances is also permissible, especially in producing the medium 
fit as described on page 38. It is recommended for use with 
the loose-fit tolerances (Classr), for nuts only in the numbered sizes. 

The resulting dimensions of external and internal screw threads 
with these fits are shown in Tables 7, 8, 9, 10, 11, 12 and 13. 


COARSE THREAD SERIES 
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TABLE 6.—CoARSE-THREAD SERIES—GENERAL Diwensrons! 


isd 


6 


7 


| Basic Diameters in Inches | Thread Data in Inches 


Identification 
Threads | Major Pitch Minor 
Rian per Diam- | Diam- Diam- 

Inch eter eter eter 
n D E K 

I 64 0.0730 | 0.0629 | 0.0527 
2 56 0.0860 | 0.0744 | 0.0628 
3 48 ©..0990 | 0.0855 | 0.0719 
4 4o 0.1120 | 0.0958 | 0.0795 
5 40 0.1250 | 0.1088 | 0.0925 
6 32 0.1380 | 0.14177 | 0.0974 
8 32 0.1640 | 0.1437 | 0.1234 
Io 24 ©. 1900 | 0.1629 | 0.1359 
12 24 0. 2160 | 0.1889 | 0. 1619 
t 20 0.2500 | 0.2175 | 0.1850 
is 18 0.3125 | 0.2764 | 0. 2403 
3 16 0.3750 | 0.3344 | 0.2938 
qs | 14 |0.4375 |0-3911 | 0.3447 
a 13 ©. §000 | 0.4500 | 0. 4001 
is 12 0.5625 | 0.5084 | 0.4542 
2 II 0.6250 | 0.5660 | 0. 5069 
3 se) 0.7500 | 0.6850 | 0.6201 
4 9 0.8750 | 0.8028 | 0.7307 
I 8 I.0000 | 0.9188 | 0.8376 
iy 7 I.1250 | 1.0322 | 0.9394 
1; 7 1.2500 | 1.1572] 1.0044 
1% 6 I.5000 | 1.3917 | 1. 2835 
Iz 5 1.7500 | 1.6201 | 1.4902 
2 43. | 2.0000, | 168557) | 1.7113 
2} 4%. |. 2.2500 | 2. 1057 | 1} 9613 
24 4 2.5000 | 2.3376 | 2.1752 
22 4 2.7500 | 2.5876 | 2.4252 
3 4 3.0000 | 2.8376 | 2.6752 


° o0o0o000 Oo0000 ooo0o°0o 


(ome) 


o00000 


00-0070 


Pitch? 


. 0156250 
.O178571 
. 0208333 
. 0250000 


. 0250000 
.0312500 
, 0312500 
.0410667 
.0416667 


. 0500000 
0555550 
. 0625000 
.0714286 
.0769231 


0833333 
. OQOQOOT 
.» LOOO00O 


.TIIIIILI 
. 1250000 
.1428571 
.1428571 
. 1666667 
. 2000000 


. 2222222 
. 2222222 
. 2500000 
. 2500000 
. 2500000 


9900 


99900 


1Vhe dimension of screw-thread gages and other important information 
on the gaging of screw threads will be found in the second report of this Com- 
mittee entitled ‘‘Gages and Gaging of Screw Threads.”’ ; 
2 This column is given to seven decimat places for computation purposes 


only. 
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TABLE 7.—COARSE-THREAD SERIES—FREE Frr (Crass | 2)— 
ScREWS 


rh Fach Sak tendo a 


Major Diameter in Inches }Pitch Diameter in Inches 


Semi- |Threaded 


Pe 7. a ue 

Threads an of Un- ae 
i Finished] finished linor 
Sted PRs Bolts Hot Diam- 


Inch | Maxi- | ana | Rolled | Maxi- | Toler-| Mini- | eter 


mum! | Screws | Material} Mum! | ance’) mum in 

Inches 

Mini- Mini- 

mum mum 
I 64 0.0730) 0.0602 | 0.0678 | 0.0620] 0.0019} 0.0610}0.0538 
2 56 0.0860] 0.0820 | 0.0804 | 0.0744] 0.0020] 0.0724/0.0641 
3 48 0.0990] 0.0046 | 0.0028 | 0.0855] 0.0022] 0.0833]0.0734 
4 40 0.1120] 0.1072 | 0.1052 | 0.0058] 0.0024] 0.0934|0.0813 
5 40 0.1250] 0.1202 | 0.1182 | 0, 1088} 0.0024] 0. 1064)0.0043 
6 32 0.1380] 0.1326 | 0.1304 | 0.1177] 0.0027] 0,1150|0.0907 
8 32 0.1640] 0.1586 | 0.1564 | 0.1437] 0.0027] 0.1410|0.1257 
10 24 0.1900] 0.1834 | 0.1808 | 0.1620} 0.0033] 0.1596}0. 13890 
12 24 0.2160] 0.20904 | 0.2068 | 0.1889] 0.0033] 0.1856]0. 1649 
4 20 0.2500] 0.2428 | 0.2308 | 0.2175] 0.0036] 0.2130/0. 1887 
xu] =18 0.3125] 0.3043 | 0.3011 | 0.2764] 0.0041] 0.2723]/0.2443 
} 16 0.3750] 0.3660 | 0.3624 | 0.3344] 0.0045] 0.32000. 2083 
ts} 14 0.4375] 0.4277 | 0.4235 | 0.3011] 0.0040} 0.3862/0.3409 
$ 13 0.5000] 0.4806 | 0.4852 | 0.4500] 0.0052] 0.4448]0, 4056 
ys| 12 0.5625] 0.5513 | 0.5467 | 0.5084] 0.0056] 0.5028]0. 4603 
Ir 0.6250] 0.6132 | 0.6080 | 0.5660] 0.0050] 0.5601/0.5135 
bae) 0.7500] 0.7372 | 0.7316 | 0.6850] 0.0064] 0.6786)0.6273 
9 0.8750] 0.8610 | 0.8550 | 0.8028] 0.0070] 0.7958]/0. 7387 
I 8 I.0000] 0.9848 | 0.9778 | 0.9188] 0.0076] 0.9112]0.8466 
1} 2 1.1250] 1.1080 | £.1002 | 1.0322] 0.0085] 1.0237]/0.9407 
1} 7 1.2500] 1.2330 | 1.2252 | I,1572] 0.0085] 1£.1487/1.0747 
rt 6 1.5000] 1.4708 | 1.4710 | 1.3017] 0.0r1oT] ©. 3816|r.2055 
ti 5 I.7500| 1.7268 | 1.7162 | £.6201] 0.0116} 1.6085|1. 5046 
2 44 2.0000] 1.9746 | 1.9632 | 1.8557] 0.0127] 1.8430|1.7274 
2} 4h 2.2500] 2.2246 | 2.2132 | 2.1057] 0.0127] 2.0030|1.0774 
at 4 2.5000] 2.4720 | 2.4502 | 2.3376] 0.0140] 2.3236]/2.1033 
2 4 2.7500] 2.7220 | 2.7002 | 2.5876] 0.0140] 2.5736|2.4433 
3 4 3.0000] 2.9720 | 2.9502 | 2.8376] 0.0140] 2.8236/2.6033 


1 Basic diameter. 

2 Dimensions given are figured to intersection of the worn-tool are with a 
center line through crest and root. Minimum flat at root equals.4 X ?. 
_ % The tolerances specified for pitch diameter are cumulative and also 
include errors of lead and angle. 


Nore.—For ‘“‘Coarse-Thread Series—Loose Fit (Class r)—Nuts” 
see Table 21, page 62. 


FREE FIT SCREWS 
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TABLE 8.—COARSE-THREAD SERIES—FREE Fir (Crass 2)—Nuts 


id 2 | 3 | 6 | 7 | 8 | 9 pas) | II 
Mini- Pitch Diameter Minor Diameter 
See mum}, in Inches in Inches 
Size “al ie 
a eter in| Mini- | Toler- |*Maxi- | Mini- | Toler- | Maxi- 
Inches | mum! | ance? | mum | mum | ance | mum 

I 64 0.0730| 0.0629] 0.0019] 0.0648] 0.0561] 0.0017] 0.0578 
2 50 0.0860] 0.0744] 0.0020] 0.0764] 0.0667| 0.0019] 0.0686 
3 48 0.0990] 0.0855] 0.0022] 0.0877] 0.0764] 0.0023] 0.0787 
4 40 0.1120] 0.0958] 0.0024] 0.0982] 0.0849] 0.0027] 0.0876 
5 40 0.1250] 0.1088] 0.0024] 0.1112] 0.0979] 0.0027] 0.1006 
6 32 0.1380] 0.1177] 0.0027] 0.1204] 0.1042] 0.0034] 0.1076 
8 32 0.1640] 0.1437] 0.0027| 0.1464] 0.1302] 0.0034| 0.1336 
10 24 0.1900] 0.1629] 0.0033] 0.1662] 0.1449] 0.0045] 0.1494 
12 24 0.2160] 0.1889] 0.0033] 0.1922] 0.1709] 0.0045] 0.1754 
Pe 20 0.2500} 0.2175] 0.0036] 0.2211] 0.1959] 0.0054] 0.2013 
as 18 0.3125| 0.27604] 0.0041] 0.2805] 0.2524] 0.0060] 0.2584 
3 16 0.3750] 0.3344] 0.0045] 0.3380] 0.3073] 0.0068] 0.3141 
as 14 0.4375| 0.3911] 0.0049} 0.3960] 0.3602] 0.0077] 0.3679 
% 13 0.5000} 0.4500] 0.0052] 0.4552] 0.4167] 0.0084] 0.4251 
* 12 0.5625] 0.5084 0,,0056 0.5140} 0.4723] 0.0090] 0.4813 
g II 0.6250] 0.5660] 0.0059] 0.5719] 0.5266] 0.00908] 0.5364 
< 10 0.7500] 0.6850] 0.0064] 0.60914] 0.6417] 0.01090] 0.6526 
t 9 0.8750] 0.8028] 0.0070] 0.8008] 0.7547| 0.0120] 0.7667 
I 8 I.0000] 0.9188] 0.0076] 0.9264] 0.8647] 0.0135] 0.8782 
It 7 I.1250] 1.0322] 0.0085] 1.0407] 0.9704] 0.0154] 0.9858 
1; 7 I.2500] 1.1572] 0.0085] 1.1657] 1.0054] 0.0154] 1.1108 
1% 6 I.5000] 1.3917] 0.0101] 1,4018] 1.3106] 0.0180} 1.3376 
1i 5 I.7500] 1.6201] 0.0116] 1.6317] 1.5335| 0.0216] 1.5551 
2 4t 2.0000] 1.8557] 0.0127] 1.8684] 1.7594] 0.0241] 1.7835 
2} 44 2.2500| 2.1057] 0.0127] 2.1184] 2.0004] 0.0241] 2.0335 
23 4 2.5000| 2.3376] 0.0140] 2.3516] 2.2204] 0.0270] 2.2564 
2i 4 2.7500| 2.5876] 0.0140] 2.6016] 2.4794] 0.0270] 2.5064 
3 4 3-0000] 2.8376] 0.0140] 2.8516] 2.7204] 0.0270] 2.7564 


1 Basic diameter. 


2 Dimensions given are allowable only with tap having theoretically sharp 


orners. Threaded hole must not reject correct basic 
erence with rounded roots due to worn tap. 


go’’ gage by inter- 


Minimum flat at root equals 


Xp. 
3 The tolerances specified for pitch diameter are cumulative and also 
nclude errors of lead and angle. 
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TABLE 9.—COARSE-THREAD SrRtES—Meprum Fir (Crass 3)— 
ScREWS 

I | 2 | 3 | 4 | 5 6 | a | 8 | 9 
Major Diameter Pitch Diameter Maxi- 
in Inches in Inches mum? 
Threads Mince 

Size per Di 
neh 4 At L ee ee 
Maxi- | Toler- | Mini- | Maxi- | Toler- | Mini- | eter in 
mum! ance mum mum! | ance# mum | Inches 
I 6 0.0730] 0.0038] 0.0602] 0.0620] 0.0014] 0.0615] 0.0538 
2 5 0.0860] 0.0040] 0.0820] 0.0744] 0.0015} 0.0720] 0.0641 
3 48 0.0900] 0,0044| 0.0046] 0.0855] 0.0016] 0.0830] 0.0734 
4 40 0.1120] 0,0048} 0.1072] 0,0058] 0.0017} 0.0041] 0.0813 
5 40 0.1250] 0,0048] 0.1202] 0.1088] 0.0017] 0.1071) 0.0943 
6 32 0.1380] 0.0054] 0.1326] 0.1177] 0.00190] 0.1158] 0.0007 
8 32 0.1640] 0.0054] 0.1586] 0.1437] 0.0019 1418] 0.1257 
10 24 0.1900] 0.0066] 0.1834] 0.1620] 0.0024] 0, 1605] 0.1386 
12 24 0.2160] 0.0066] 0.2004] 0.1880] 0.0024] 0.1865] 0.1646 
4 20 0.2500] 0.0072] 0,2428] 0.2175] 0.0026] 0.2140] 0.1887 
ie 18 0.3125] 0.0082 0.3043 0.2764] 0.0030] 0.2734] 0.2443 
16 0.3750] 0.0000] 0.3660] 0.3344] 0.0032] 0.3312| 0, 2083 
ve 14 0.4375| 0.0008] 0.4277] 0.3011] 0.0036] 0.3875] 0.3496 
13 0.5000] 0.0104] 0.4806] 0.4500] 0.0037] 0.4463] 0.405€ 
ys 12 0.5625] 0.0112] 0.5513] 0.5084] 0.0040] 0.5044) 0.4603 
Ir 0.6250] 0.0118] 0.6132] 0.5660] 0.0042] 0.5618] 0.5135 
bas) 0.7500] 0.0128] 0.7372] 0.6850] 0.0045] 0.6805] 0.62732 
9 0.8750] 0.0140] 06,8610} 0.8028] 0.0049] 0.7979] 0.7387 
tr 8 1.0000] 0.0152] 0.0848] 0.0188] 0.0054] 0.9134] 0.846¢ 
I 7 1.1250] 0.0170] 1.1080] 1.0322] 0.0050] £,0263] 0.9497 
I 7 I.2500] 0.0170] 1.2330] 1.1572] 0.0050] 1.1513] 1.0747 
I 6 1.5000] 0.0202] 1.4708] 1.3917] 0.0071] 1.3846] 1.2055 
I 5 I.7500| 0.0232] £.7268] 1.6201] 0.0082] 1.6119] 1.5046 
2 4 2.0000] 0.0254] 1.9746] 1.8557] 0.0089] 1.8468] 1.7274 
at 4 2.2500] 0.0254] 2.2246] 2.1057] 0.0080] 2.0068] 1.09774 
| 4 2.5000] 0.0280] 2.4720] 2.3376] 0.0007] 2.3279] 2.1933 
2 4 2.7500] 0.0280] 2.7220] 2.5876] 0.0097| 2.5779] 2.4433 
3 4 3.0000] 0.0280] 2.9720] 2.8376] 0.0007| 2.8279] 2.6033 


1 Basic diameter. 


2 Dimensions given are figured to the intersection of the worn-tool are 
with a center line through crest and root. 


Minimum flat at root equals 


Xp. 
_ 4 The tolerances specified for pitch diameter are cumulative and also 
include errors of lead and angle. 
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TasLE ro.— Coarsr-THREAD Srertes—Mepium Fir (Crass 3)— 
Nurs 
I | 2 | 3 | 6 | 7 | 8 | 9 | pas) | II 
Mini- Pitch a Minor Diameter 
Threads mum! in Inches in Inches 
‘ ajor 
Size ; aa ie 
nen |eter?in| Mini- | Toler- | Maxi- | Mini- | Toler- | Maxi- 
Inches | mum! | ance? | mum | mum | ance | mum 
iz 64 0.0730] 0.0629] 0.0014] 0.0643] 0.0561] 0.0017] 0.0578 
2 50 0.0860] 0.0744] 0.0015] 0.0759] 0.0667] 0.0019] 0.0686 
3 48 0.0990] 0.0855] 0.0016] 0.0871] 0.0764] 0.0023] 0.0787 
4 40 0.1120) 0.0958] 0.0017| 0.0975] 0.0849] 0.0027] 0.0876 
5 40 0.1250] 0.1088] 0.0017] 0.1105} 0.0979] 0.0027] 0.1006 
6 32 0.1380] 0.1177] 0.0019] 0.1196] 0.1042] 0.0034] 0.1076 
8 32 0.1640] 0.1437] 0.0019] 0.1456] 0.1302] 0.0034] 0.1336 
nae) 24 0.1900] 0.1629] 0.0024] 0.1653] 0.1449] 0.0045] 0.1404 
12 24 0.2160] 0.1889] 0.0024] 0.1913} 0.1700] 0.0045] 0.1754 
3 24 0.2500] 0.2175] 0.0026] 0.2201] 0.1959] 0.0054] 0.2013 
as 18 0.3125| 0.2764] 0.0030] 0.2794] 0.2524] 0.0060} 0.2584 
3 16 0.3750] 0.3344] 0.0032] 0.3376] 0.3073] 0.0068] 0.3141 
Te I4 0.4375| 0.3911] 0.0036] 0.3947] 0.3602] 0.0077] 0.3679 
3 13 0.5000] 0.4500] 0.0037] 0.4537] 0.4167| 0.0084] 0.4251 
os I2 0.5625] 0.5084] 0.0040] 0.5124] 0.4723] 0.0090] 0.4813 
H DE 0.6250] 0.5660] 0.0042] 0.5702] 0.5266] 0.0098] 0.5364 
10 0.7500] 0.6850] 0.0045] 0.6895] 0.6417] 0.0109] 0.6526 
¢ 9 0.8750] 0.8028] 0.0049] 0.8077] 0.7547] 0.0120] 0.7667 
I 8 I.0000] 0.9188] 0.0054] 0.9242] 0.8647] 0.0135] 0.8782 
It 4) I.1250] 1.0322] 0.0059] 1.0381] 0.9704] 0.0154] 0.9858 
1} 7 I.2500] 1.1572] 0.0059] 1.1631] 1.0054] 0.0154] 1.1108 
1} 6 I.5000] 1.3917] 0.0071] 1.3988] 1.3196] 0.0180] 1.3376 
12 5 1.7500] 1.6201] 0.0082] 1.6283] 1.5335] 0.0216) 1.5551 
2 At 2.0000] 1.8557] 0.0089} 1.8646] 1.7594] 0.0241] 1.7835 
2} 44 2.2500] 2.1057] 0.0080] 2.1146] 2.0004] 0.0241] 2.0335 
24 4 2.5000] 2.3370] 0.0097] 2.3473] 2.2294] 0.0270] 2.2564 
23 4 2.7500] 2.5876] 0.0097] 2.5973] 2.4794] 0.0270] 2.5064 
3 4 3.0000] 2.8376] 0.0097] 2.8473] 2.7294] 0.0270] 2.7564 


1 Basic diameter. 


2 Dimensions given are allowable only with tap having theoretically sharp 


comers. 


ference with rounded roots due to worn tap. 


oy xX Dp 


Threaded hole must not reject correct basic ‘‘go’’ gage by inter- 


Minimum flat at root equals 


3 The tolerances specified for pitch diameter are cumulative and also 
include errors of lead and angle. 
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TsaBLE 1z1—Coarse-TuHrREAD SEerrEs—Ciose Fir (Crass 4) 


ScrEWS 

z ) 2 ) 3 : 4 5 6 7 | 8 9 
Major Diameter Pitch Diameter Maxi 
in Inches in Inches mum 

Threads; Mi 
Size SS) une 
- Maxi- Toler- | Mini- | Maxi- | Toler- | Mini- | eter i 
mum! | ance | mum | mum | ance? | mum che 


I 64 0.0730} 0.0038) 0.0602) 0.0630 
2 56 0.0860) 0.0040} 0.0820] 0.0746 
3 48 0.0990} 0.0044) 0.0946) 0.0857 
z 40 @. 1120) 0.0048) 0.1072) 0.0960 
5 40 0.1250! 0.0048} 0.1202] 0.1090 
6 32 0.1380) 0.0054] 0.1326] 0.1179) 
8 32 0.1640) 0.0054] 0.1586] 0.1439 
10 24 0.1900} 0.0066) 0.1834} 0. 1632 
12 24 0.2160) 0.0066} 0.2094] 0.1892 
3 20 0.2500] 0.0072} 0.2428) 0.2178 
x 8 0.3125} 0.0082) 0.3043} 0.2767 
3 16 0.3750} 0.0090] 0.3660) 0.3348 
pt tT 0.4375} 0.0098) 0.4277) 0.3915 
3 13 0.5000) 0.07104) 0.4896] 0.4504 
x 12 0.5625) 0.01F2} 0.5513] 0.5089) 
; Ir 0.6250) O_orrS! 0.6132} 0.5665 
i 10 0.7500) 0.0828} 0.7372} 0.6856 
= 9 0.8750) 0.0140) 0.8610} 0.8034 
Tt 8 1.0000} 0.0152] 0.9848] 0.9195 
1} 7 I.1250) 0.0170] £.roS8o} 1r.0330 
3 7 I.2500} 0.0170} £.2330} ©.1580 
a3 6 ¥.5000} 0.0202) £.4798| 1.3926 
3 5 E.7500] 0.0232] £.7268] £.6211 
2 43 2.0000] 0.0254] ¥.9746} r.8568 
23 43 2.2500) 0.0254] 2.2246) 2.1068 
23 4 2.5000} 0.0280) 2.4720] 2.3389) 
2? 4 2.7500} 0.0280} 2.7220) 2.5889 
3 4 3-0000} 0.0280] 2.9720) 2.8389 


1 Basic diameter. 

= Dimensions given are figured to the imtersection of the worn-tool az 
CS eee eee Minimum flat at root -equal 

xe 

3 The tolerances specified for pitch diameter are cumulative and als 
include errors of lead and angie. 
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TABLE 12.—COARSE-THREAD SERIES—CLOSE Fir (Ciass 4)— 


= Nuts 
| 
rt | 2 3 | aceon fi 7) | 8 | 9 | 10 | Ir 
Mini- Pitch Diameter Minor Diameter 
in Inches in Inches 


Threads| mum! 


Size per : 
“Inch | Diam | Mini. | Toler. | Maxi- | Mini- | Toler- | Maxi- 
aches mum! | ance’ mum mum ance mum 
t 20 0.2500] 0.2175] 0.0013] 0.2188] 0.1959] 0.0054] 0.2013 
is 18 0.3125| 0.2764] 0.0015] 0.2779] 0.2524] 0.0060] 0.2584 
3 16 0.3750) 0.3344] 0.0016] 0.3360} 0.3073] 0.0068] 0.3141 
is 14 0.4375| 9.3911] 0.0018] 0.3929] 0.3602] 0.0077] 0.3679 
4 13 0.5000] 0.4500] 0.0010] 0.45190] 0.4167] 0.0084] 0.4251 
ra 12 0.5625| 0.5084] 0.0020] 0.5104] 0.4723] 0.0090] 0.4813 
j II 0.6250] 0.5660] 0.0021] 0.5681] 0.5266] 0.0008] 0.5364 
10 0.7500] 0.6850] 0.0023] 0.6873] 0.6417] 0.0109] 0.6526 
$ 9 0.8750] 0.8028) 0.0024] 0.8052) 0.7547| 0.0120] 0.7667 
I 8 I.0000] 0.9188] 0.0027] 0.9215] 0.8647] 0.0135] 0.8782 
Th 7 I.1250] I.0322] 0.0030] 1.0352] 0.9704] 0.0154] 0.9858 
1t of I.2500| 1.1572] 0.0030] 1.1602] 1.0954] 0.0154] 1.1108 
14 6 I.5000] 1.3917) 0.0036] 1.3953} 1.3196] 0.0180] 1.3376 
1i 5 I.7500| 1.6201] 0.0041| 1.6242] 1.5335] 0.0216] 1.5551 
2 44 2.0000] 1.8557] 0.0044] 1.8601] 1.7504] 0.0241] 1.7835 
2k 43 2.2500] 2.1057] 00044] 2.1101]. 2.00904] 0.0241] 2.0335 
25 4 2.5000] 2.3376|..0.0048] 2.3424] 2.22904] 0.0270] 2.2564 
2? 4 2.7500] 2.5876] 0.0048] 2.5924) 2.4794] 0.0270] 2.5064 
3 4 3.0000] 2.8376] 0.0048] 2.8424] 2.7294) 0.0270] 2.7564 


1 Basic diameter. 

2 Dimensions given are allowable only with tap having theoretically sharp 
corners. Threaded hole must not reject correct basic ‘‘go’’ gage by inter- 
ference with rounded roots due to worn tap. Minimum flat at root equals 

Kp. | 
ren tolerances specified for pitch diameter are cumulative and also 
include errors of lead and angle. \ 


Fine-Thread Series 


The American Standard Fine-Thread Series, defined in Table 14, 
is recommended for use with medium-fit (Class 3) tolerances and 
close-fit (Class 4) tolerances. Its use with free-fit (Class 2) toler- 
ances is also permissible, especially in producing (Class 3) toler- 
ances, as described under “Classification of Fits,’ on page 38. 

The resulting dimensions of external and internal screw threads 
with these fits and tolerances are shown in Tables 14, 15, 16, 17, 
18, 19, and 20. 
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TABLE 13.—FINE-THREAD SERIES—GENERAL DIMENSIONS! 


ei ga eee ag page} 6 prety 

Identification | Basic Diameters in Inches | Thread Data in Inches 

; Threads} Major | Pitch Minor Pitch? Basic 
Sizes per Diameter| Diameter] Diameter > Depth of 
Inch D E K Thread h 
° 80 | 0.0600 | 0.0519 | 0.0438 | 0.0125000 | 0.00812 
I 72 | 0.0730 | 0.0640 | 0.0550 | 0.0138889 | 0.00902 
2 64 | 0.0860 | 0.0759 | 0.0657 | 0.0156250 | 0.01014 
g 56 | 0.0990 | 0.0874 | 0.0758 | 0.0178571 | 0.01160 
4 48 | 0.1120 | 0.0985 | 0.0849 | 0.0208333 | 0.01353 
5 44. | 0.1250 | 0.1102 | 0.0955 | 0.0227273 | 0.01476 
6 40 | 0.1380 | 0.1218 | 0.1055 | 0.0250000 | 0.01624 
8 36 | 0.1640 | 0.1460 | 0.1279 | 0.0277778 | 0.01804 
Io 32 |0.I900 | 0.1697 | 0.1494 | 0.0312500 | 0.02030 
I2 28 | 0.2160 | 0.1928 | 0.1696 | 0.0357143 | 0.02319 
4 28 | 0.2500 | 0.2268 | 0. 2036 | 0.0357143 | 0.02319 
vs 24 | 0.3125 | 0.2854 | 0.2584 | 0.0416667 | 0.02706 
z 24 |0.3750 | 0.3479 | 0.3209 | 0.0416667 | 0.02706 
ys 20 | 0.4375 | 0.4050 | 0.3725 | 0.0500000 | 0.03248 
5 20 |0.5000 | 0.4675 | 0.4350 | 0.0500000 | 0.03248 
a 18 | 0.5625 | 0.5264 | 0.4903 | 0.0555556 | 0.03608 
3 18 | 0.6250 | 0.5889 | 0.5528 | 0.0555556 | 0.03608 
2 16 | 0.7500 | 0.7094 | 0.6688 | 0.0625000 | 0.04060 
t 14 |0.8750 | 0.8286 | 0.7822 | 0.0714286 | 0.04640 
I I4 I.0000 | 0.9536 | 0.9072 | 0.0714286 | 0.04640 
1} I2 | 1.1250] 1.0709 | 1.0167 | 0.0833333 | 0.05413 
1} I2 | 1.2500 | 1.1959 | 1.1417 | 0.0833333 | 0.05413 
i I2 | 1.5000 | 1.4459 | 1.3917 | 0.0833333 | 0.05413 


1The dimensions of screw-thread gages and other important information on 
the gaging of screw threads will be found in the second report of this Com- 
mittee entitled ‘Gages and Gaging of Screw Threads.’ 

Oe column is given to seven decimal places for computation purposes 
only 
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TABLE 14.—FINE-THREAD SERIES—LOOSE Fir (CLass 1)—Nuvts? 


I | 2 | 3 | 6 | 7. | 8 | 9 | bao) | Tr 
Mini- Pitch Diameter Minor Diameter 
Threads| mum? in Inches in Inches 
. Major 
Size per 5 
Inch Diag Mini- | Toler- | Maxi- | Mini- | Toler-_| Maxi- 
Ge hae mum? } ance4 mum mum ance mum 
oO 80 0.060 | 0.0519} 0.0024] 0.0543] 0.0465] 0.0013] 0.0478 
I 72 0.073 | 0.0640] 0.0025} 0.0665] 0.0580] 0.0015] 0.0505 
2 64 0.086 | 0.0759] 0.0026] 0.0785] 0.0691] 0.0017] 0.0708 
3 56 0.099 | 0.0874] 0.0028] 0.0902] 0.0797] 0.0019] 0.0816 
4 48 0.112) | 0.0985] 0.0031] 0.1016] 0.0894] 0.0023] 0.0917 
5 44 0.125 | 0.1102] 0.0032] 0.1134] 0.1004] 0.0025] 0.1029 
6 40 0.138 | 0.1218] 0.0034] 0.1252] 0.11090] 0.0027] 0.1136 
8 36 0.164 | 0.1460] 0.0036] 0.1496] 0.1339] 0.0030] 0.4369 
10 32 0.190 | 0.1697] 0.0038] 0.1735] 0.1562] 0.0034] 0.1506 
12 28 0.216 | 0.1928] 0.0043] 0.1971] 0.1773] 0.0039] 0.1812 


1 This fit is recommended for nuts only, in the numbered sizes. 
2 Basic diameter. 
3 Dimensions given are allowable only with tap having theoretically sharp 


corners. Threaded hole must not reject correct basic “‘go’’ gage by inter- 
eel with rounded roots due to worn tap. Minimum flat at root equals 


p. 
of The tolerances specified for pitch diameter are cumulative and also 
include errors of lead and angle. 
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TABLE 15.—FINE-THREAD SERTES—FREE Fir (CLass 2)—ScrEws 


mi |} = |f set 40 se ees |e ee 
Major Diameter Pitch Diameter Maxi- 
in Inches in Inches mum? 

Threads Mi 
Sizes per Dei 
Inch | Maxi- | Toler- | Mini- | Maxi- | Toler- | Mini- eae 

1 1 3 

mum ance mum | mum ance mum | Trches 
re) 80 0.060 | 0.0034] 0.0566] 0.0519] 0.0017] 0.0502] 0.0447 
I 72 0.073 | 0.0036] 0.0694] 0.0640] 0.0018] 0.0622] 0.0560 
2 64 0.086 | 0.0038} 0.0822] 0.0759} 0.0019] 0.0740] 0.0668 
3 56 0.099 | 0.0040] 0.0950] 0.0874} 0.0020] 0.0854] 0.0771 
4 48 0.112 | 0.0044) 0.1076] 0.0985] 0.0022] 0.0063] 0.0864 
5 44 0.125 | 0.0046] 0.1204] 0.1102] 0.0023] 0.1079] 0.0971 
6 40 0.138 | 0.0048] 0.1332] 0.1218} 0.0024] 0.1194] 0.1073 
8° 36 0.164 | 0.0050] 0.1590] 0.1460} 0.0025] 0.1435] 0.1299 
ro 32 0.190 | 0.0054] 0.1846] 0.1697] 0.0027| 0.1670] 0.1517 
I2 28 0.216 | 0.0062] 0,2098] 0.1928] 0.0031] 0.1807] 0.1722 
4 28 0.2500| 0.0062! 0.2438] 0.2268] 0.0031| 0.2237] 0.2062 
ts 24 0.3125| 0.0066] 0.3059] 0.2854] 0.0033] 0.2821] 0.2614 
3 24 0.3750| 0.0066] 0.3684] 0.3479] 0.0033] 0.3446] 0.3230 
rd 20 0.4375| 0.0072] 0.4303] 0.4050} 0.0036] 0.4014! 0.3762 
3 20 0.5000] 0.0072] 0.4928] 0.4675] 0.0036| 0.4639] 0.4387 
vs 18 0.5625| 0.0082] 0.5543] 0.5264] 0.0041] 0.5223] 0.4943 
18 0.6250] 0.0082] 0.6168] 0.5880] 0.0041] 0.5848) 0.5568 
16 0.7500] 0.0090] 0.7410] 0.7094] 0.0045] 0.7049|) 0.6733 
14 0.8750| 0.0098] 0.8652] 0.8286] 0.0040] 0.8237] 0.7874 
I 14 I.0000| 0.0098] 0.9902] 0.9536] 0.0049] 0.9487| 0.9124 
1} I2 I.1250| 0.0112] 1.1138] 1.0709] 0.0056] 1.0653] 1.0228 
I} 12 I.2500| 0.0112] 1.2388} 1.1950] 0.0056] 1.1903] 1.1478 
I} 12 1.5000] 0.0112} 1.4888] 1.4450} 0.0056] 1.4403] 1.3978 


1 Basic diameter. 


2 Dimensions given are figured to the intersection of the worn-tool are 
with a center line through crest and root. 


xp. 


Minimum flat at root equals 


_ 4The tolerances specified for pitch diameter are cumulative and also 
include errors of lead and angle. 
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TABLE 16.—FINE-THREAD SERTES—FREE Fir (Cass. 2)—Nvts 


I | 2 | 5} | 6 a | 8 | 9 bas) tr 
Mini- Pitch Diameter Minor Diameter 
Threads} mum! in Inches in Inches 
Size per Bisior 
Inch eter?in| Mini- | Toler--}~Maxi- | Mini- | Toler- | Maxi- 
Inches | mum! | ance* | mum mum ance mum 
° 80 0.0600] 0.0519] 0.0017] 0.0536] 0.0465] 0.0013], 0.0478 
I 72 0.0730] 0.0640] 0.0018] 0.0658] 0.0580] 0.0015] 0.0505 
2, 6 0.0860] 0.0759} 0.0019) 0.0778] 0.0691) 0.0017] 0.0708 
3 5 0.0990] 0.0874] 0.0020] 0.0894} 0.0797] 0.0019] 0.0816 
4 48 0.1120] 0.0985] 0.0022] 0.1007] 0.0894] 0.0023) 0.0017 
5 44 0.1250] 0.1102] 0.0023] 0.1125] 0.1004] 0.0025] 0.1029 
6 40 0.1380] 0.1218) 0.0024) 0.1242] 0.1109] 0.0027] 0.1136 
8 36 0.1640] 0.1460] 0.0025| 0.1485] 0.1339] 0.0030] 0.1369 
10 32 0.1900] 0.1097} 0.0027) 0.1724} 0.1562|' 0.0034] 0.1506 
12 28 0.2160) 0.1928] 0.0031] 0.1959] 0.1773] 0.0039] 0.1812 
t 28 0.2500| 0.2268] 0.0031} 0.2299] 0.2113] 0.0039] 0.2152 
ts 24 0.3125| 0.2854) 0.0033] 0.2887] 0.2674] 0.0045] 0.2719 
4 24 0.3750] 0.3479] 0.0033) 0.3512] 0.32090] 0.0045] 0.3344 
1 20 0.4375| 0.4050] 0.0036] 0.4086] 0.3834] 0.0054] 0.3888 
$ 20 0.5000}, 0.4675] 0.0036] 0.4711] 0.4459] 0.0054) 0.4513 
fs 18 0.5625] 0.5264] 0.0041] 0.5305] 0.5024] 0.0060] 0.5084 
& 18 0.6250] 0.5880} 0.0041| 0.5930] 0.5649] 0.0060] 0.5709 
4 16 0.7500] 0.7094] 0.0045] 0.7139] 0.6823] 0.0068] 0.6801 
t I4 0.8750) 0.8286] 0.0049} 0.8335| 0.7977] 9.0077| 0.8054 
t 14 1.0000] 0.9536] 0.0040] 0.9585 0.9227| 0.0077 0.9304 
14 12 I, 1250] 1.0709} 0.0056} 1.0765] 1.0348] 0.0090} 1.0438 
Id Te I.2500| I.1959} 0.0056] 1.2015] 1.1598] 0.0000] 1.1688 
14 I2 I.5000| 1.4459] 0.0056] 1.4515] 1.4098} 0.0090] 1.4188 


1 Basic diameter. 


2 Dimensions given are allowable only with tap having theoretically sharp 


corners. Threaded hole must not reject correct basic 
ference with rounded roots due to worn tap. 


€ 


ba “go” gage by inter- 
Minimum flat at root equals 


xp. 
. § The tolerances specified for pitch diameter are cumulative and also 
include errors of lead and angle. 
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TABLE 17.—Frine-THREAD SrERtES—Mepium Fir (Crass 3)— 


SCREWS 

[ef aes fh salt Stee ale 
Major Diameter Pitch Diameter Maxi- 
Three da in Inches in Inches mum? 
Size per net 
Inch Maxi- | Toler- | Mini- | Maxi- | Toler- | Mini- | eter in 
mum}! ance mum | mum! | ance’ mum | Inches 
(0) 80 0.0600] 0.0034] 0.0566] 0.0519] 0.0013] 0.0506 0.0447 
I 72 0.0730] 0.0036] 0.0694] 0.0640] 0.0013] 0.0627] 0.0560 
2 64 0.0860] 0.0038] 0.0822] 0.0759] 0.0014] 0.0745] 0.0668 
3 50 0.0990] 0.0040] 0.0950] 0.0874] 0.0015] 0.0859] 0.0771 
4 48 0.1120] 0.0044] 0.1076] 0.0985] 0.0016] 0.0969] 0.0864 
5 44 0.1250] 0.0046] 0.1204] 0.1102] 0.0016] 0.1086] 0.0071 
6 40 0.1380] 0.0048] 0.1332] 0.1218] 0.0017] 0.1201] 0.1073 
8 30 0.1640] 0.0050] 0.1590} 0.1460] 0.0018] 0.1442] 0.12990 
10 32 0.1900] 0.0054] 0.1846] 0.1697] 0.0019] 0.1678] 0.1517 
I2 28 0.2160] 0.0062] 0.2098] 0.1928] 0.0022] 0.1906] 0.1722 
+ 28 0.2500] 0.0062] 0.2438] 0.2268] 0.0022] 0.2246] 0.2062 
+5 24 0.3125] 0.0066] 0.3059] 0.2854] 0.0024] 0.2830] 0.2614 
3 24 0.3750] 0.0066] 0.3684] 0.3479] 0.0024] 0.3455] 0.3239 
ws 20 0.4375| 0.0072] 0.4303] 0.4050] 0.0026] 0.4024] 0.3762 
3 20 0.5000] 0.0072] 0.4928] 0.4675] 0.0026] 0.4649] 0.4387 
vs 18 0.5625] 0.0082] 0.5543] 0.5264] 0.0030] 0.5234] 0.4943 
$ 18 0.6250] 0.0082] 0.6168] 0.5889] 0.0030} 0.58590] 0.5568 
2 16 0.7500] 0.0090] 0.7410] 0.7094] 0.0032] 0.7062] 0.6733 
t 14 0.8750] 0.0098} 0.8652] 0.8286] 0.0036] 0.8250] 0.7874 
I I4 I.0000] 0.0098} 0.9902] 0.9536] 0.0036] 0.9500] 0.9124 
1} I2 I.I250] 0.0112] 1.1138] 1.0709] 0.0040] 1.0669] 1.0228 
14 12 I.2500] 0.0112] 1.2388] 1.19590] 0.0040] I.19190] 1.1478 
13 12 I.5000] 0.0112] 1.4888] 1.4459] 0.0040] 1.4419] 1.3078 


1 Basic diameter. 


2 Dimensions given are figured to the intersection of the worn-tool are 
with a center line through crest and root. 


Minimum flat at root equals 


Xp. 
3 The tolerances specified for pitch diameter are cumulative and also 


include errors of lead and angle. 


MEDIUM FIT SCREWS 
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TaBLE 18.—FiInE-THREAD SrERrES—Mepium Fir .(Crass 3)— 


: Nuts 
| 2 | 3 | 6 | 7 | 8 | 9 | 10 | Il 
Mini- Pitch Diameter Minor Diameter 
ahreads mum! in Inches in Inches 
Size per Doe ae 
Inch eter?in| Mini- | Toler- | Maxi- | Mini- | Toler- | Maxi- 
Inches | mum! | ance’ mum mum ance mum 

ro) 80 0.0600] 0.0519] 0.0013] 0.0532] 0.0465] 0.0013] 0.0478 
I 72 0.0730] 0.0640; 0.0013] 0.0653] 0.0580] 0.0015] 0.0595 
2 64 0.0860] 0.0759] 0.0014] 0.0773] 0.0691} 0.0017] 0.0708 
3 56 0.0990] 0.0874] 0.0015] 0.0889] 0.0797] 0.0019] 0.0816 
4 48 0.1120] 0.0985] 0.0016] 0.1001] 0.0894] 0.0023] 0.0917 
5 44 0.1250] 0.1102] 0.0016] 0.1118} 0.1004] 0.0025] 0.1029 
6 40 0.1380] 0.1218] 0.0017] 0.1235] 0.1109] 0.0027] 0.1136 
8 36 0.1640] 0.1460] 0.0018] 0.1478] 0.1339] 0.0030] 0.1369 
10 32 0.1900] 0.1697] 0.0019] 0.1716] 0.1562] 0.0034] 0.1596 
12 28 0.2160] 0.1928] 0.0022] 0.1950] 0.1773] 0.0039] 0.1812 
9 28 0.2500] 0.2268] 0.0022] 0.2290] 0.2113] 0.0030] 0.2152 
¥s 24 0.3125| 0.2854] 0.0024] 0.2878] 0.2674] 0.0045] 0.2719 
t 24 0.3750) 9.3479] 0.0024) 0.3503) 0.3299) 0.0045) 0.3344 
ae 20 0.4375] 0.4050] 0.0026] 0.4076] 0.3834] 0.0054] 0.3888 
4 20 0.5000] 0.4675] 0.0026] 0.4701] 0.44590] 0.0054] 0.4513 
ts 18 0.5625| 0.5264] 0.0030] 0.5204] 0.5024] 0.0060] 0.5084 
f 18 0.6250] 0.5889] 0.0030] 0.5919] 0.5649] 0.0060] 0.57090 
16 0.7500] 0.7094] 0.0032] 0.7126] 0.6823] 0.0068] 0.68901 
$ I4 0.8750] 0.8286] 0.0036] 0.8322] 0.7977| 0.0077] 0.8054 
I I4 1.0000] 0.9536] 0.0036] 0.9572] 0.9227] 0.0077] 0.9304 
1} 12 I.1250] 1.0709] 0.0040] 1.0740] 1.0348] 0.0090] 1.0438 
rd 12 1.2500] 1.1959] 0.0040] 1.1999] 1.1598] 0.0090] 1.1688 
14 12 I.5000] 1.4459] 0.0040] 1.4490] 1.4098] 0.0090] 1.4188 


1 Basic diameter. 


2 Dimensions given are allowable only with tap having theoretically sharp 
gage by inter- 


corners. Threaded hole must not reject correct basic “‘ 


ference with rounded roots due to worn tap. 


go’ 


Minimum flat at root equals 


é 3 The tolerances specified for pitch diameter are cumulative and also 
include errors of lead and angle. 
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TABLE 19.—FINE-THREAD SERIES—CLOSE Fit (Crass 4)—ScrEws 


I | 2 | 3 | 4 | 5 | 6 | vi | 8 | 9 
Major Diameter in Pitch Diameter in Waxi- 
Threads Inches Inches mum? 
Size per Minor 
Inch ae y _, | Diam- 
Maxi- | Toler- | Mini- | Maxi- | Toler- | Mini- | eter in 
mum! | ance mum | mum | ance? | mum | Inches 
(o) 80 0.0600] 0.0034) 0.0566] 0.0520] 0.0006] 0.0514} 0.0447 
I 72 0.0730] 0.0036] 0.0694) 0.0641] 0.0007| 0.0634] 0.0560 
2 64 0.0860} 0.0038] 0.0822] 0.0760] 0.0007] 0.0753] 0.0668 
3 56 0.0990] 0.0040] 0.0950] 0.0876] 0.0007] 0.0869} 0.0771 
4 48 0.14820] 0.0044] 0.1076] 0.0987| 0.0008) 0.0979] 0.0864 
5 44 0.1250] 0.0046] 0.1204] 0.1104] 0.0000] 0, 1096] 0.0971 
6 40 0.1380] 0.0048} 0.1332] 0.1220] 0.0000] 0.1211] 0.1073 
8 36 0.1640! 0.0050] 0.1590] 0.1462] 0.0009] 0.1453] 0.1299 
10 32 0.1900] 0.0054] 0.1846] 0.1609] 0.0010] 0.1689] 0.1517 
12 28 0.2160] 0.0062] 0.2098] 0.1930] 0.0011] 0.1919] 0.1722 
4 28 0.2500] 0.0062] 0.2438] 0.2270] 0.0011] 0.2259] 0.2062 
¥ 24 0.3125] 0.0066] 0.3059] 0.2857] 0.0012] 0.2845] 0.2614 
3 24 0.3750] 0.0066] 0.3684] 0.3482] 0.0012] 0.3470] 0.3239 
is 20 0.4375| 0.0072] 0.4303] 0.4053] 0.0013] 0.4040] 0.3762 
z 20 0.5000] 0.0072] 0.4928] 0.4678] 0.0013] 0.4665] 0.4387 
a 18 0.5625) 0.0082] 0.5543] 0.5267] 0.0015] 0.5252] 0.4943 
£ 18 0.6250] 0.0082] 0.6168] 0.5802] 0.0015] 0.5877] 0.5568 
2 I6 0.7500] 0.0090] 0.7410] 0.7008] 0.0016] 0.7082] 0.6733 
F 4 0.8750] 0.0098] 0.8652] 0.8290] 0.0018] 0.8272] 0.7874 
I 14 I.0000] 0.0098} 0.9902] 0.9540] 0.0018] 0.9522] 0.9214 
1} 12 I.1250] 0.0112} 1.1138] 1.0714] 0.0020] 1.0604] 1.0228 
It 12 1.2500] 0.0112] 1.2388] 1.1964} 0.0020] 1.1944] 1.1478 
I} 12 I.5000] 0.0112] 1.4888] 1.4464] 0.0020] 1.4444] 1.3078 


1 Basic diameter. 

2 Dimensions given are figured to the intersection of the worn-tool are with 
a center line through crest and root. Minimum flat at root equals # X >. 

3 The tolerances specified for pitch diameter are cumulative and also include 
errors of lead and angle. 


CLOSE FIT SCREWS 
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ABLE 20.—FINE-THREAD SrRrtes—Cuiose Fit (Crass 4)—Nurs 


I -2 | 3 | 6 | 4 8 | ie) | I0 II 
Mini- Pitch a Minor Diameter 
Threads | mum! in Inches in Inches 
ize er Major 
neh Diam- & : . 
eter?in| Mini- | Toler- | Maxis | Mini- | Toler- | Maxi- 
Inches |} mum! |} ance? | mum | mum ance mum 
4 28 0.2500] 0.2268] 0.00I1| 0.2279] 0.2113] 0.0039] 0.2152 
ts 24 0.3125] 0.2854] 0.0012| 0.2866] 0.2674] 0.0045] 0.2719 
3 24 0.3750) 0.3479] 0.0012] 0.3491] 0.3299] 0.0045] 0.3344 
ae 20 0.4375| 0.4050] 0.0013] 0.4063] 0.3834] 0.0054| 0.3888 
4 20 0.5000] 0.4675] 0.0013} 0.4688] 0.4459] 0.0054] 0.4513 
vs 18 0.5625] 0.5264] 0.0015| 0.5279] 0.5024] 0.0060] 0.5084 
g 18 0.6250] 0.5889] 0.0015] 0.5904] 0.5649] 0.0060] 0.5709 
3 16 0.7500] 0.70904] 0.0016] 0.7110] 0.6823] 0.0068] 0.6891 
4 14 0.8750) 0.8286] 0.0018] 0.8304] 0.7977} 0.0077] 0.8054 
[ 14 1.0000] 0.9536] 0.0018] 0.9554] 0.9227] 0.0077] 0.9304 
ct 12 I,1250] 1.0700] 0.0020] 1.0720] 1.0348] 0.0090] 1.0438 
5 2 I.2500] I.1959] 0.0020] I.1979] 1.1598] 0.0090] 1.1688 
[ I2 I.5000] 1.4459] 0.0020] 1.4479] 1.4008] 0.0090] 1.4188 


1 Basic diameter. 


2 Dimensions given are allowable ohty with tap having theoretically sharp 


mers. Threaded hole must not reject correct basic “ 
rence with rounded roots due to worn tap. 


go’ 


gage by inter- 


Minimum flat at root equals 


(xp 
Fi The tolerances specified for pitch diameter are cumulative and also 


clude errors of lead and angle, 
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TABLE 21.—COARSE-THREAD SERIES—LOOSE Fir (CLAss 1)—NutT: 


I | 2 | 3 | 6 7 | 8 | 9 10 | IL 
Mini- Pitch Diameter Mise amet 
mum? in Inches in Inches 

gate nae aoe 
Inch + 


eter$in | Mini- | Toler- | Maxi- | Mini- | Toler- | Maxi 
Inches | mum? |} ance | mum | mum | ance mur 


I 64 0.0730] 0.0620] 0.0026] 0.0655} 0.0561| 0.0017] 0.057 
2 56 0.0860] 0.0744] 0.0028] 0.0772] 0.0667] 0.0010] 0.06! 
3 48 0.0990| 0.0855] 0.0031] 0.0886] 0.0764) 0.0023] 0.07! 
4 40 0.1120] 0.0958] 0.0034] 0.0992] 0.0849| 0.0027] 0.087 
5 40 0.1250| 0.1088] 0.0034] 0.1122} 0.0979] 0.0027] 0. 10 
6 32 0.1380] 0.1177] 0.0038] 0.1215] 0.1042] 0.0034] 0.107 
8 32 0.1640] 0.1437] 0.0038] 0.1475] 0.1302] 0.0034] 0.13: 
10 24 0.1900] 0.1620] 0.0046] 0.1675] 0.1449] 0.0045] 0.14¢ 
12 24 0.2160| 0.1889] 0.0046] 0.1935] 0.1700] 0.0045] 0.17: 


1 This fit is recommended for nuts only, in the numbered sizes. 

2 Basic diameter. 

3 Dimensions given are allowable only with tap having theoretically shaz 
corners. Threaded hole must not reject correct basic “go” gage by inte 
ference with rounded roots due to worn tap. Minimum flat at root equa 


a Xp. 
«The tolerances specified for pitch diameter are cumulative and al: 
include errors of lead and angle, 


Derivation of Tolerances 


Net Pitch-Diameter Tolerance.—The net pitch diameter tole 
ances for the several classes or grades are based on selections from 
tolerance series for a pitch of 45 inch, increasing by incremen 
of 0.00005 inch as follows: 


GRADE TOLERANCE GRADE TOLERANCE 
iA ah etter aed 0.0005 in. Bae «i tsa O0OOZOUNs 
IB sci wos Set OLOOLONDS Gir wea eas 0.0035 in. 
OPP t orice 0.0015 in. His Soe 0.0040 in. 
Do Sxsitele et ents O,0020/1Ne i Rooyen cae 0.0045 in. 
BO ee Liois i aeceas ee LOO 25/1 Jacesbae need: 0.0050 in. 


The grades selected are: 


Ror loose fits 625... ccajete «aia c aes aap a tere eet eee EAL 
Portree hit.scceneue oe ana wees ioe eee F 
Porsmediumisitases se sks case ieee ae nae D 


Boriclose fits. cee ROOT cc tas alsiely se eee Bs 
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Pitch-diameter tolerances for pitches finer than 35 inch are to 
each other and to the tolerance for s5 inch as the o.6th power of 
their respective pitches. 

Pitch-diameter tolerances for pitches coarser than 34 inch are to 
each other and to the tolerance for sy inch as the o.gth power of 
their respective pitches. 

The factor 0.6 was chosen for pitches finer than 34; inch because 
resulting tolerances except in two instances do not vary more than 
9.0001 inch from the pitch-diameter_ tolerance in the A.S.M.E. 
Machine Screw Standard. 

Extreme Pitch-Diameter Tolerance.—To obtain the extreme 
pitch diameter tolerance there is added to the net tolerance a 

gage increment”’ obtained as follows: 

To secure extreme tolerances, add to net tolerances: 
Diameter tolerance—‘ go” gage 
Diametrical equivalent of lead tolerance—“go”’ gage 
Diametrical equivalent of angle tolerance—“‘go”’ gage 
Diameter tolerance—“‘not go”’ gage 

then subtract the following: 
Diametrical equivalent of angle tolerance—‘‘not go” gage, 
% diametrical equivalent of lead tolerance—“‘not go”’ gage. 

For instance, using the tolerances (as set by the National Screw 
Thread Commission) for a 20-pitch gage, according to this rule the 
net tolerance would be increased by: 


INCHES 

Diameter tolerance—" 207’... 2.0500. ce cesceree 0.0002 
Equivalent lead tolerance—“‘go”’............-. 0.00034 
Equivalent angle tolerance—“‘go”’............. 0.0002 
Diameter tolerance—“not go”..............-- 0.0002 
AEF 21 LOS SESE I ee 2 aR 0.00094 

and would be decreased by: 

Equivalent angle tolerance—“not go”’......... 0.0002 
$ lead tolerance—"‘not go”’.......00..0.00000. 0.00017 
IRONS epee Oe Ae UR IMR aie ac SEL Ct. Nag 0,00037 


Total increase, 0.00094 — 0.00037 = 0.00057 inches. 


Since the resulting extreme tolerances determine the actual 
allowable limits of the work itself, these only are given in the 
preceding tables. The actual net tolerances obtained will depend 
on the method of gaging used. 


Relation of Lead and Angle Errors to Pitch-Diameter Tolerances 


Effect of Lead Error on Pitch-Diameter Tolerance.—The toler- 
ances specified for pitch diameters include all errors of pitch and 
angle. Column 4 of Tables 2, 3, 4 and 5 gives the amount of lead 
error which aborbs one-half of the specified pitch-diameter toler- 
ance. Lead error X 1.732 = equivalent pitch-diameter error. 

Effect of, Angle Error on Pitch-Diameter Tolerance.—Column 
5 of the above-mentioned tables gives the variation in the half 
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angle of thread which absorbs one-half of the specified pitch- 
diameter tolerance. 

The formula giving the relation between the amount of pitch- 
diameter tolerance E’ absorbed by a variation of a’ in half angle of 
thread is, for symmetrical threads. 

h 
Lo SS eee 
Le __E’ sin a cos a meee ini: 

where hk = depth of thread. 

a = half angle of thread. 

a’ = error in half angle. 
The sign of cot a is plus when the half-angle of thread is less than 
the basic by a’ and minus when the half angle is greater than basic. 
The approximate mean values for a’ and E£’ will be obtained when 
plus or minus cot.a is omitted from the above formula. . For Ameri- 
can (National) form of screw thread the depth of thread. 


= 3p cot 30 deg. and a = 30 degrees. 
Substituting, the formula becomes 


3h 


COteg, = 
2k’ 


PTE! 3 


or eee tan a’ = 1.5 p tana’ 


For all practical purposes, the equivalent pitch-diameter correc- 
tions for any angular error can be taken as proportional to the values 
given in the above tables. For example, on the 7;-18 thread, an 
angular error 1 degree 25 minutes is equivalent to a pitch- -diameter 
error of 0.00206 inch. An angular error of 17 minutes or one-fifth 
the amount given in the table is equivalent to 0.00041 inch, which 
is almost directly proportional. 


Tolerances for Loose Fit (Class 1) 


This fit is recommended whenever an allowance is required 
between the maximum screw and the minimum nut, and in the 
cases where larger tolerances than those given by the free fit (Class 
2) are needed. 

This class of screw threads will be defined and specified as follows: 

Minimum Nut is Basic. 

Maximum Screw is below Basic. 

The major diameter and pitch diameter of the maximum screw 
will be below basic in accordance with the diameter specified in 
Tables 22 and 24. 

: Direction of Tolerance on the Nut: The tolerance on the nut will 
e plus. 

Direction of Tolerance on the Screw: The tolerance on’ the screw 
will be minus. 

Tolerance Values: The tolerances on a screw or nut of given 
diameter and pitch will be such as to result from the dimensions 
given in Tables 22, 23, 24 and 2s. 


LOOSE FIT SCREWS 65 


TABLE 22.—CoARSE-THREAD SrERIES—LoosE Fir (Crass 1)— 


SCREWS 

I 2 3 | 4 | 5 6 | 7 | 8 
Major Diameter in Pitch Diameter! Maxi- 
Threads Inches in Inches mum 
Size er Minor 
neh x Pu LP ne Diam- 
Maxi- Toler- Mini- Maxi- Mini- | eter? in 
mum ance mum mum mum Inches 
I 64 0.0723 | 0.0052 | 0.0671 | 0.0622 | 0.0596 | 0.0531 
2 50 0.0852 | 0.0056 | 0.0796 | 0.0736 | 0.0708 | 0.0633 
3 48 0.0981 | 0.0062 | 0.0919 | 0.0846 | 0.0815 | 0.0725 
4 40 0.1110 | 0.0068 | 0.1042 | 0.0048 | 0.0914 | 0.0803 
5 40 0.1240 | 0.0068 | 0.1172 | 0.1078 | 0.1044 | 0.0033 
6 32 0.1369 | 0.0076 | 0.12903 | 0.1166 | 0.1128 | 0.0986 
8 32 0.1629 | 0.0076 | 0.1553 | 0.1426 | 0.1388 | 0.1246 
10 24 0.1887 | 0.00902 | 0.1795 | 0.1616 | 0.1570 | 0.1376 
12 24 0.2147 | 0.0092 | 0.2055 | 0.1876 | 0.1830 | 0.1636 
4 20 0.2485 | 0.0102 | 0.2383 | 0.2160 | 0.2109 | 0.1872 
ts 18 0.3109 | 0.0114 | 0.29095 | 0.2748 | 0.2691 | 0.2427 
3 16 0.3732 | 0.0120 | 0.3606 | 0.3326 | 0.3263 | 0.2065 
1 I4 0.4354 | 0.0140 | 0.4214 | 0.3890 | 0.3820 | 0.3478 
4 13 0.4978 | 0.0148 | 0.4830 | 0.4478 | 0.4404 | 0.4034 
as 12 0.5601 | 0.0158 | 0.5443 | 0.5060 | 0.4981 | 0.4579 
Ir 0.6224 | 0.0170 | 0.6054 | 0.5634 | 0.5549 | 0.5109 
10 0.7472 | 0.0184 | 0.7288 | 0.6822 | 0.6730 | 0.6245 
t 9 0.8719 | 0.0200 | 0.8519 | 0.7997 | 0.7897 | 0.7356 
I 8 0.9966 | 0.0222 | 0.9744 | 0.9154 | 0.9043 | 0.8432 
1} 7 I,I21r | 0.0248 | 1.0963 | 1.0283 | 1.0159 }] 0.9458 
if 7 I.2461 | 0.0248 | 1.2213 | I.1533 | 1.1400 | 1.0708 
I 6 1.4956 | 0.0290 | 1.4666 | 1.3873 | 1.3728 | 1.2011 
1} 5 1.7448 | 0.0338 | 1.7110 | 1.6149 | 1.5980 | 1.4904 
2 44 1.9943 | 0.0368 | 1.9575 | 1.8500 | 1.8316 | 1.7217 
2} 44 2.2443 | 0.0368 | 2.2075 | 2.1000 | 2.0816 | 1.9717 
2h 4 2.4936 | 0.0408 | 2.4528 | 2.3312 | 2.3108 | 2.1860 
2t 4 2.7436 | 0.0408 | 2.7028 | 2.5812 | 2.5608 | 2.43690 
3 4 2.9936 | 0.0408 | 2.9528 | 2.8312 | 2.8108 | 2.6869 


1The tolerances specified for pitch diameter are cumulative and also 
nelude errors of lead and angle. 

2 Dimensions given are figured to the intersection of the worn-tool arc with 
1 center line through crest and root, Minimum flat at root equal } X pd. 
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TABLE 23.—COARSE-THREAD SERIES; Loose Fir (Crass 1)—Novts 


eal 


Ta 
Mini Pitch Diameter? in Minor Diameter 
: Threads Mason! Inches in Inches 
Size aan Diameter? 
nc. i 
in Thebes Minimum | Maximum | Minimum | Maximum 
I 64 0.0730 | 0.0629 | 0.0655 | 0.0561 | 0.0578 
2 56 0.0860 | 0.0744 | 0.0772 | 0.0667 | 0.0686 
3 48 0.0990 | 0.0855 | 0.0886 | 0.0764 | 0.0787 
4 40 Q.1120 | 0.0958 | 0.0992 | 0.0849 | 0.0876 
5 40 0.1250 |.0.1088 | 0.1122 | 0.0979 | 0.1006 
6 32 0.1380 | 0.1177 ©.1215 0.1042 0.1076 
8 32 0.1640 | 0.1437 0.1475 0.1302 0.11336 
° 24 ©.1900 | 0.1629 | 0.1675 0.1449 0.1494 
2 24 0.2160 |:0.1889 | 0.1935: | 0.1709 | 0.1754) 
ra 20 0.2500 | 0.2175 | 0.2226 | 0.1959 | 0.2013 
a; | 18 O. 3125 2 1hOw2704 | IO. 202% 0.2524 | 0.2584 
3 16 0.3750 | 0.3344 | 0-3407 | 0.3073 | 0.3141 
qe |. 14 0.4375 | 0.3911 0.3981 0.3602 | 0.3679 
3 13 0.5000 |'0.4500 | 0.4574 | 0.4167 | 0.4251 
vs | 12 0.5625 | 0.5084 | 0.5163 | 0.4723 | 0.4813 
$ Ir 0.6250 |:0.5660 | 0.5745 | 0.5266 | 0.5364 
2 Io 0.7500 | 0.6850 | 0.6942 | 0.6417 | 0.6526 
t 9 0.8750 | 0.8028 || 0.8128 | 0.7547 | 0.7667 
I 8 1.0000 |,0.9188 | 0.9299 | 0.8647 | 0.8782 
1g 7 I.1250 | 1.0322 1.0446 | 0.9704 | 0.9858 
Iz 7 I.250 I.1572 | 1.1696 I.0954 | 1.1108 
cei 6 I.500 Tengo ky I.4062 I.3196 1.13376 
12 5 1.750 1.6201 |. 1.6370 | 1.5335 | 1.5551 
44 2.000 1.8557 | 1.8741 | 1.7504 | 1.'7835 
2i 44 2.250 2.1057 | 2.1241 | 2.0094 | 2.'0335 
2% 4 2.500 2.3376 2.3580 2.2204 2.2564 
23 4 2.750 2.5876 | 2.6080 | 2.4794 | 2.5064 
3 4 3.000 2.8376 | 2.8580 | 2.7204 | 2.7564 | 


1 Basic diameter. 
2 Dimensions given are allowable only with tap having theoretical 


sharp corners. 
by interference with rounded roots due to worn tap. Minimum flat at roo 


equals; X >. 
3 The tolerances specified for pitch diameter are cumulative and alsi) 


include errors of lead and angle. 


Nore: For numbered sizes of nuts see also Table 7, page 48. 


Threaded hole must not reject correct basic “‘go"’ gag 


4x 
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TABLE 24.—FINE-THREAD SERIES—LOOSE Fir (CLASS 1)—SCREWS 


I | 2 | 3 


Size 


Laid 


LOW APWHHO 


by oa ge a Laer 


Ln oe on oe D 
ihm one 


Major Diameter in 


Pitch Diameter! in 
Inch 


oo000 


90000 


yo lae 


oo0000 


.O512 
. 0033 
Lo752 
. 0806 
.0976 


1093 
1208 


1449 
1686 
1916 


2256 
2841 
3466 
4035 


4660 


.5248 
. 5873 
. 7070 
.8265 


“9515 
.0685 


-1935 


Threads nches 

per 
Inch 

Maximum | Minimum | Maximum 
80 0.0593 0.0545 
72 0.0723 })0.0673 
64 ©.0853 | 0.0801 
56 {0.0982 | 0.0926 
48 O.IIII ©. 1049 
44 O. E2AT- pon Erny 
40 0.1370 | 0.1302 
36 0.1629 | 0.1557 
32 0.1889 o. 1813 
28 0.2148 0. 2062 
28 | 0.2488 | 0.2402 
24 0.3112 | 0.3020 
24 | 0.3737 | 0.3645 
20 0.43600 | 0.4258 
20 0.4985 | 0.4883 
18 0.5009 | 0.54095 
18 0.6234 | 0.6120 
16 0.7482 | 0.7356 
14 0.8729 | 0.8589 
14 | 0.9979 | 0.9839 
12 I. 1226 I.1068 
12 ©..2476 “\\ch..2318 

1.4976 1.4818 


HHHO 


4435 


es 


Minimum 


AHH O 


0900 99900 990900 


900000 


6 


.0488 


0608 


.0726 


0838 
0945 


IO61 
1174 
I413 
1648 
1873 


. 2213 


2795 
3420 
3984 


4609 


. 5191 
. 5816 
. 7013 
. 8195 


-9445 
.0606 


.1856 
4356 


7 


Maximum 
Minor? 
Diameter 


In 


Inches 


oo000 ooo°o 


HHHO 


oo0000 


99000 


.0440 
-0553 


0661 
0763 
0855 


0962 
1063 
1288 
1506 
1710 


. 2050 
. 2601 
-3226 
-3747 


4372 
4927 
»$552 
.6715 
- 7853 


. 9103 
.0204 
-1454 
-3954 


1The tolerances specified for pitch diameter are cumulative and also 
include errors of lead and angle. 
2 Dimensions given are figured to the intersection of the worn- foal are 
with a center line through crest and root. 


D. 


Minimum flat at root equals 
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TABLE 25.—FINE-THREAD SERIES—LOOSE Fit (CLAss 1)—Nurs 


BE ee 


Minimum Pitch Diameter in Minor Diameter in 


Threads} Major} Inches Inches 
Size per Diameter? 
neh 


in i 
Inches Minimum | Maximum | Minimum | Maximum 


° 80 0.0600 | 0.0519 | 0.0543 | 0.0465 | 0.0478 
I 72 ©.0730 | 0.0640 | 0.0665 | 0.0580 | 0.0595 
2 64 0.0860 | 0.0759 | 0.0785 | 0.0691 0.0708 
3 56 ©.0990 | 0.0874 | 0.0902 | 0.0797 | 0.0816 
4 48 0.1120 | 0.0985 | 0.1016 | 0.0894 | 0.0917 
5 44 0.1250 | 0.1102 | 0.1134 | 0.1004 | 0.1029 
6 40 0.1380 | 0.1218 | 0.1252 | 0.1109 | 0.1136 
8 36 0.1640 | 0.1460 | 0.1496 | 0.1339 | 0.1369 
Io 32 0.1900 | 0.1697 | 0.1735 | 0.1562 | 0.1596 
12 28 6.2160 “| ©.1928 “)O. FO7T ©]. O.147 73 Wo. T81e 
+ 28 0.2500 | 0.2268 | 0.2311 0.2113 | 0.2152 
zs 24 0.3125 0. 2854 0.2900 | 0.2674 | 0.2719 
& 24 0.3750 | 0.3479 | 0.3525 | 0.3209 | 0.3344 
is 20 ©.4375 | 0.4050 | 0.4101 0.3834 | 0.3888 
4 20 0.5000 | 0.4675 | 0.4726 | 0.4459 | 0.4513 
ts 18 0.5625 | 0.5264 | 0.5321 0.5024 | 0.5084 
a 18 0.6250 | 0.5889 | 0.5946 | 0.5649 | 0.5709 
2 16 0.7500 | 0.7094 | 0.7157 0.6823 | 0.6891 
E I4 0.8750 | 0.8286 | 0.8356 | 0.7977 | 0.8054 
I 14 I.0000 | 0.9536 0.9606 0.9227 0.9304 
i¥ 12 1.1250 I.0709 1.0788 1.0348 1.0438 
EY 12 I.2500 | 1.1959 | 1.2038 | 1.1598 | 1.1688 
1% 12 I.5000 | 1.4459 1.4538 1.4098 | 1.4188 


1 Basic diameter. 

2 Dimensions given are allowable only with tap having, _ theoretically 
sharp corners. Threaded hole must not reject correct basic “‘go’’ gage by 
interference with rounded roots due to worn tap. Minimum flat at roo} 
equals #; X p. 

3 The tolerances specified for pitch diameter are cumulative and alsc 
include errors of lead and angle. 


Note: For numbered sizes of nuts see also Table 15, page 56. 
The S.A.E. adopted an extra fine-thread series in 1915, for use ir 
aeronautic and other work requiring a fine thread. No sia | 
have yet been determined for these. The threads are: } inch = 
te S.= 32, 16 f= 28, ye 8 = 24> 0) ia 
1; — 13 = 18, and all larger diameters = 16 threads per inch. 
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EXTRA-FINE THREAD FITS—AMERICAN THREAD 
For such purposes as small pipe fittings, tank and radiator caps, 
etc. the S. A. E. recommend an extra-fine thread, the basic dimen- 
sions being given in Table 26. For different classes of fits in this 
thread, Earle Buckingham has worked out the tolerances shown in 
‘Tables 21 to 32. Notations under Table 28 also apply to Tables 30 
‘and 31. Notations under Table 2 also apply to Tables 29 and 32. 
TABLE 26.—Basic DIAMETERS AND THREAD DATA FOR THE EXTRA- 
FINE THREAD SERIES 
(Dimensions in Inches) 
e pase out Seas Base 
“4 Threads ajor ite Minor s 
paizes per Inch | Diam- | Diam- | Diam- Pitch? pete et 
eter eter eter ea 
10 40 0.1900 | 0.1738 | 0.1575 | 0.0250000 | 0.01624 
i 3 36 0.2500 | 0.2320 | 0.2139 | 0.0277778 | 0.91804 
is 32 0.3125 | 0.2922 | 0.2719 | 0.0312500 | 0.02030 
3 32 0.3750 | 0.3547 | 0.3344 | 0.0312500 | 0.02030 
is 28 0.4375 | 0.4143 | 0.3011 | 0.0357143 | 0.02319 
$ 28 0.5000 | 0.4768 | 0.4536 | 0.0357143 | 0.02319 
vs 24 0.5625 | 0.5354 | 0.5084 | 0.0416667 | 0.02706 
& 24 0.6250 | 0.5979 | 0.5709 | 0.0416667 | 0.02706 
4 20 0.7500 | 0.7175 | 0.6850 | 9.0500000 | 0.03248 
t 20 0.8750 | 0.8425 | 0.8100 | 0.0500000 | 0.03248 
I 20 I.0000 | 0.9675 | 0.9350 | 0.0500000 | 0.03248 
I} 18 I.1250 | 1.0889 | 1.0528 '|.0.0555556 2.93008 
tog 18 I.2500 | 1.21390 | 1.1778 | 0.0555556 | 0.03608 
tt 18 I.5000 | 1.4639 | 1.4278 | 0.0555556 | 0.03608 
I anees 16 1.7500} 1.70904 | 1.6778 | 0,0625000 | 0.04060 
2 16 2.0000 | 1.9594 | 1.9278 | 0.0625000 | 0.04060 
2} 16 2.2500 | 2.2004 | 2.1778 | 0.0625000 | 0.04060 
25 16 2.5000 | 2.45904 | 2.4278 | 0.0625000 | 0.04060 
2% 16 2.7500 | 2.7094 | 2.6778 | 0.0625000 | 0.04060 
3 16 3.0000 | 2.9594 | 2.9278 | 0.0625000 | 0.04060 
i 3h 16 3.5000 | 3.4504 | 3.4278 | 0.0625000 | 0.04060 
| 4 16 4.0000 | 3.9594 | 3.9278 | 0.0625000 | 0.04060 


| 1 This column is given to seven decimal places for computation purposes 
only. 
| 


; 
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TaBLE 27.—Loosr Fit (Crass B) For ScrREWS IN THE ExTRA- 
Fine THREAD SERIES! 


(Dimensions in Inches) 


SCREW THREADS 


Major Diameter 


Threads 

Size per 

Inch Maxi- 
mum2 

10 40 0.1900 
3 36 0.2500 
te 32 0.3125 
3 32 0.3750 
1s 28 0.4375 
4 28 0.5000 
ss 24 0.5625 
§ 24 0.6250 
+ 20 0.7500 
$ 20 0.8750 
I 20 I.0000 
1h 18 I.1250 
1} 18 1.2500 
13 18 I.5000 
1? 16 1.7500 
2 16 2.0000 
2t 16 2.2500 
24 16 2.5000 
2i 16 2.7500 
3 16 3.0000 
34 16 3.5000 
4 16 4.0000 


Toler- 
ance 


eo000 90900000000 0 


eooo00o00 


.0068 


.0072 
.0076 
0076 
.0086 
.0086 
. 0092 
.0092 
. 0102 
-O102 


.O102 
-O1I4 
.I1I4 
.O114 
. 0126 


0126 
.0126 
. 0126 
-0126 
.0126 
.0126 
- 0126 


Mini- 
mum 


HHHHO eooo0o00o0c°o fo} 


WWNHNNNH 


. 1832 


. 2428 
- 3049 
-3674 
-4289 
- 4914 
- 5533 
6158 
-7398 
. 8648 


9808 
. 1136 
. 2386 
- 4886 
+7374 


.9874 
-2374 
- 4874 
-7374 
-9874 
-4874 
-9874 


Pitch Diameter 


Maxi- 


mum? 


HHHHO cooooo0o0co ° 


WWNHNHNNDH 


.1738 


. 2320 
.2922 
-3547 
-4143 
-47608 
-5354 
-5979 
+7175 
8425 


9675 
0889 
.21390) 
- 4639) 
-7094 


9594 
. 2004 
4594 
7094 
9594 
4594 
9594 


Toler- 
ance’ 


fo} 


oooo00o 


eoo00000 


eoo00g0000 


. 0043 


.0046 
.0050 
.0051 
.0055 
.0056 
.0060 
0061 
-00067 


0068 


.0070 
.0074 
0075 
.0077 
0083 


-0085 
.0086 
0088 
0089 
. 0091 
.0094 
0096 


Mini- 
mum 


oO. 


HHHHO CO0C0O0C0000 


WWNHNHNNH 


1695 


- 2274 
2872 
3496 
. 4088 
-4712 
- 5294) 
-5918 
- 7108 
-8357 


-9605 
.O815 
. 2064 
4562 
.7OII 


+9509 
- 2008 
-4506 
. 7005 
+9503 
-4500 
9498 


1 Based on 1924 Report of the National Screw Thread Commission, using 


a standard length of engagement of five threads. 


2 Basic diameter. 


3 The tolerances specified for pitch diameter are cumulative and include 
errors of lead and angle. . 
4 Dimensions given are figured to the intersection of the worn-tool arc wit! 


a center line through crest and root. Minimum flat at root equals } X ?p. 


a 


° 
HW 
mn 
re) 
w 


eoc0o0000°0 
- 
a 
On 
is 


HHHHO 
a 
oo 
H 
co 


WWNHNHNNH 
m. 
a 
es) 
Ry 


go” 
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THREAD SERIES! 


(Dimensions in Inches) 


ae 


‘TaBLe 28.—Looser Fir-(Crass B) ror Nuts InN THE EXTRA-FINE 


Mini- Pitch Diameter Minor Diameter 

Threads} mum 

Size per Major 
nch Diam- | Mini- | Toler- | Maxi- | Mini- | Toler- | Maxi- 
eter? mum? | ance4 mum mum ance mum 
10 40 0.1900] 0.1738] 0.0043] 0.1781] 0.1629] 0.0027] 9.1656 
3 36 0.2500] 0.2320] 0.0046] 0.2366] 0.2199] 0.0030] 09,2229 
os 32 0.3125| 0.2922] 0.0050] 0.2972] 0.2787] 0.0034] 90.2821 
a 32 0.3750] 0.3547] 0.0051} 0.3598] 0.3412] 0.0034] 0.3446 
ys 28 0.4375| 0.4143] 0.0055] 0.4198] 0.3988] 0.0039] 0.4027 
4 28 0.5000] 0.4768] 0.0056] 0.4824] 0.4613] 0.0039] 0.4652 
as 24 0.5625] 0.5354] 0.0060] 0.5414] 0.5174] 0.0045] 0.5219 
§ 24 0.6250] 0.5979] 0.0061] 0.6040] 0.5799] 0.0045] 0.5844 
2 20 0.7500] 0.7175] 0.0067] 0.7242] 0.6959] 0.0054] 0.7013 
t 20 0.8750] 0.8425] 0.0068] 0.8493] 0.8200] 0.0054] 0.8263 
I 20 I.0000] 0.9675] 0.0070] 0.9745] 0.9459] 0.0054] 0.9513 
i 4 18 I.1250| 1.0889] 0.0074] 1.0963} 1.0649] 0.0060] 1.07090 
I 18 I.2500] I.2139] 0.0075] 1.2214] 1.1899] 0.0060] 1.1959 
1} 18 I.5000] 1.4630] 0.0077] 1.4716] 1.4390] 0.0060] 1.4459 
ri 16 I.7500] 1.7094] 0.0083] I.7177| 1.6823] 0.0068] 1.68901 
2 16 2.0000] 1.9504] 0.0085] 1.9679] 1.9323] 0.0068] 1.9301 
eh 16 2.2500] 2.2004] 0.0086] 2.2180] 2.1823] 0.0068] 2.18901 
2h 16 2.5000] 2.4594] 0.0088] 2.4682] 2:4323] 0.0068] 2.43901 
2% 16 2.7500| 2.7094] 0.0089] 2.7183] 2.6823] 0.0068] 2.68901 
3 16 3.0000] 2.9594] 0.00901] 2.9685] 2.9323] 0.0068] 2.9301 
33 16 3.5000) 3.4594] 0.0004] 3.4688] 3.4323] 0.0068] 3.4391 
4 16 4.0000] 3.9594] 0.0096] 3.9690] 3.9323] 0.0068] 3.9391 


1 Based on 1924 Report of the National Screw Thread Commission using 
a standard length of engagement of five threads. 


2 Basic diameter. 
theoretically sharp corners. 


flat at root equals 7; X p. 
| 3 Basic diameter. 4 
4 The tolerances specified for pitch diameter are cumulative and include 
errors of lead and angle. 
| 


| 


Dimensions given are allowable only with tap having 
Threaded hole must not reject correct basic 


gage by interference with rounded roots due to worn tap. Minimum 
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TABLE 29:—FReEE Fit (Ciass C) ror SCREWS IN THE ExTRA-FINE 
THREAD SERIES 


(Dimensions in Inches) 


Major Diameter Pitch Diameter Maxi- 

‘Threads, |i) a ee 

Size per Minor 

Inch Maxi- | Toler- | Mini- | Maxi- | Toler- | Mini- | Diam- 

mum ance mum mum ance mum eter 
10 40 0.1900} 0.0048] 0.1852] 0.1738] 0.0027] 0.1711] Oo. 
3 36 0.2500] 0.0050] 0.2450] 0.2320] 0.0030] 0.2290] oO. 
ts 32 0.3125] 0.0054] 0.3071] 0.2922] 0.0032] 0.2890] 0. 
q 32 0.3750] 0.0054] 0.36096] 0.3547| 0.0033] 0.3514] oO. 
is 28 0.4375| 0.0062} 0.4313] 0.4143] 0.0036] 0.4107] oO. 
Py 28 0.5000] 0.0062) 0.4038] 0.4768) 0.0037] 0.4731) Oo. 
ts 24 0.5625| 0.0066} 0.5559] 0.5354] 0.0040] 0.5314] oO. 
g 24 0.6250] 0.0066] 0.6184] 0.5979] 0.0041] 0.5938] Oo. 
2 20 0.7500] 0.0072] 0.7428] 0.7175] 0.0045] 0.7130] 0. 
t 20 0.8750] 0.0072] 0.8678] 0.8425] 0.0046] 0.8359] 0. 
I 20 I.0000] 0.0072] 0.9928] 0.9675] 0.0047] 0.9628] oO. 
1} 18 I.1250] 0.0082] 1.1168] 1.0880] 0.0050] 1.0839] I. 
1} 18 I.2500| 0.0082] 1.2418] 1.21390] 0.0051] 1.2088] I. 
1% 18 I.5000| 0.0082} 1.4918] 1.4639] 0.0054] 1.4585] I. 
ri 16 I.7500] 0.0090] I.7410| 1.7094] 0.0058] 1.7036] I. 
2 16 2.0000] 0.0090} I.99T0| 1.9594] 0.0060] 1.9534] I. 
2k 16 2.2500} 0.0000} 2.2410] 2.2004] 0.0061] 2.2033] 2. 
24 16 2.5000] 0.0090] 2.4910] 2.4594] 0.0063] 2.4531] 2. 
2% 16 2.7500| 0.0090] °2.7410] 2.7094] 0.0064] 2.7030] 2. 
3 16 3.0000] 0,0090} 2.9910] 2.9504] 0.0066] 2.9528] 2. 
3 16 3.5000] 0.0090] 3.4910} 3.4594] 0.0060} 3.4525] 3. 
4 16 4.0000] 0.0090} 3.9910] 3.9594] 0.0071) 3.9523) 3. 
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TABLE 30—Frer Fir (Crass C) ror Nuts In THE EXTRA-FINE 
_ THREAD SERIES 


(Dimensions in Inches) 


Size 


10 


wong ooh 


Mini- Pitch Diameter 
Threads | mum 
per Major 
Inch Diam- | Mini- | Toler- | Maxi- 
eter mum ance mum 
40 0.1900} 0.1738] 0.0027] 0.1765 
36 0.2500] 0.2320} 0.0030] 0.2350 
32 0.3125] 0.2922] 0.0032] 0.2954 
32 0.3750] 0.3547] 0.0033] 0.3580 
28 0.4375| 0.4143] 0.0036] 0.4179 
28 0.5000] 0.47608] 0.0037] 0.4805 
24 0.5625] 0.5354] 0.0040] 0.5304 
24 0.6250] 0.5970] 0.0041] 0,6020 
20 0.7500] 0.7175] 0.0045] 0.7220 
20 0.8750] 0.8425] 0.0046] 0.8471 
20 T.0000| 0.9675] 0.0047] 0.0722 
18 I.1250| 1.0880] 0.0050] 1.0939 
18 1.2500] 1.2130] 0.0051] 1.2190 
18 I.5000] 1.4639] 0.0054] 1.4603 
16 I.7500] 1.7004] 0.0058] 1.7152 
16 2.0000] 1.95904] 0.0060] 1.9654 
16 2.2500] 2.2004] 0.0061] 2.2155 
16 2.5000] 2.4594] 0.0063] 2.4657 
16 2.7500] 2.7004] 0.0064] 2.7158 
16 3.0000] 2.9504] 0.0066] 2.9660 
16 3.5000] 3.4594] 0.0060] 3.4663 
16 4.0000] 3.9504] 0.0071| 3.9665 


Minor Diameter 


Mini- 
mum 


fo} 


. 1629 


21909 
2787 
- 3412 
. 3988 
4613 
-S174 
-5799 
6959 
. 8200 


eoo00000090 


-9459 
. 0049 
. 1899 
+4399 
0823 


HHHHO 


+9323 
1823 
+4323 
.0823 
+9323 
+4323 
+9323 


WWHNNHNH 


Toler- 


ance 


eo0000 co00000000 0 


eoo0o0o0°0 


.0027 


.0030 
.0034 
-0034, 
-0039 
.0039 
.0045 
.0045 
.0054 
.0054 


-0054 
.0060 
.0060 
.0060 
0068 


.0068 
90068 
0068 
.0068 
0068 
.0068 
.0068 


Maxi- 
mum 


° 


oooo00000 


HHHHO 


WWNHNNDKH 


. 1656 


. 2229 
. 2821 
-3446 
- 4027 
4652 
.5219 
5844 
. 7013 
8263 


+9513 
.0709 
- 1959 


+4459 
- 0891 


-939T 
- 1891 


- 4391 


801 


-939T 
+4391 
+9301 
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TABLE 31.—Mepium Fir (Crass D) ror ScREWS IN THE EXTRA. 
Fine THREAD SERIES 


(Dimensions in Inches) 


Major Diameter Pitch Diameter Maxi- 

Threads ah he NTS 

Size per Minor 

Inch Maxi- | Toler- | Mini- | Maxi- | Toler- | Mini- | Diam- 

mum ance mum | mum ance mum eter 

se) 40 0.1900] 0.0048] 0.1852] 0.1738] 0.0010] 0.1719 ie 

t 36 0.2500] 0.0050] 0.2450} 0.2320] 0.0021] 0.22099] 0. 

vs 32 0.3125] 0.0054} 0.3071] 0.2922] 0.0023] 0.2800 
4 32 0.3750] 0.0054] 0.36096] 0.3547] 0.0024] 0.3523 
cd 28 0.4325| 0.0062] 0.4313] 0.4143] 0.0026] 0.4117 
Py 28 0: 5000] 0.0062] 0.4938] 0.4768] 0.0027] 0.4741 
ts 24 0.5625] 0.0066] 0.5559] 0.5354] 0.0020] 0.5325 
4 24 0.6250] 0.0066] 0.6184] 0.5970] 0.0030] 0.5049 
3 20 0.7500] 0.0072] 0.7428] 0.7175] 0.0034] 0.7141 
$ 20 0.8750] 0.0072] 0.8678] 0.8425] 0.0035| 0.8390 
I 20 I.0000] 0.0072] 0.9928] 0.9675] 0.0036] 0.9639 
1} 18 I.1250] 0.0082] 1.1168] 1.08890] 0.0030] 1.0850 
1} 18 I.2500] 0.0082] 1.2418] 1.2139] 0.0040] 1.2009 
I} 18 I.5000] 0.0082} 1,4918] 1.4639] 0.0042] 1.4597 
13 16 I.7500| 0.0090] I.7410] 1.7094] 0.0045] 1.7049 
2 16 2.0000] 0.0090] I.9910] 1.9504] 0.0047] 1.9547 
2t 16 2.2500] 0.0090] 2.2410] 2.2004] 0.0049] 2.2045 
24h 16 2.5000] 0.0090] 2.4910] 2.45904] 0.0050] 2.4544 
2} 16 2.7500] 0.0090] 2.7410] 2.7094] 0.0052] 2.7042 
3 16 3.0000] 0.0090] 2.9910} 2.9594] 0.0053] 2.9541 
34 16 3.5000] 0.0090] 3.4910} 3.4594] 0.0056] 3.4538 
4 16 4.0000] 0.0090} 3.9910] 3.9594] 0.0059] 3.9535 
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TABLE 32.—MeEpium Fir (Crass D) For Nuts In THE EXTRA- 
Frngé THREAD SERIES 


(Dimensions in Inches) 


Mini- Pitch Diameter Minor Diameter 
Threads} mum 

Size per Major . 
Inch Diam- | Mini- | Toler- | Maxi- | Mini--| Toler- | Maxi- 
eter mum ance mum mum ance mum 
10 40 0.1900] 0.1738] 0.0019} 0.1757] 0.1629] 0.0027] 0.1656 
4 36 0.2500] 0.2320} 0.0021] 0.2341] 0.21990] 0.0030] 0.2229 
Cy 32 0.3125| 0.2922] 0.0023] 0.2945] 0.2787] 0.0034] 0.2821 
4 32 0.3750| 0.3547] 0.0024] 0.3571] 0.3412] 0.0034) 0.3446 
as 28 0.4375| 0.4143] 0.0026] 0.4169] 0.3988] 0.0039] 0.4027 
‘“ 28 0.5000] 0.4768] 0.0027] 0.4795] 0.4613] 0.0039] 0.4652 
rc) 24 0.5625] 0.5354| 0.0029] 0.5383] 0.5174] 0.0045] 0.5219 
- 24 0.6250] 0.5979] 0.0030] 0.6009] 0.5799} 0.0045] 0.5844 
i 20 0.7500] 0.7175] 0.0034] 0.7209] 0.6959] 0.0054] 0.7013 
t 20 0.8750] 0.8425] 0.0035] 0.8460] 0.8200] 0.0054] 0.8263 
$3 20 I.0000] 0.9675] 0.0036] 0.9711] 0.9459] 0.0054] 0.9513 
(It 18 I.1250] 1.0889] 0.0039] 1.0928] 1.0649] 0.0060] 1.0709 
1} 18 I.2500| 1.2139] 0.0040] 1.2179] I.1899] 0.0060] 1.1959 
1% 18 I.5000| 1.4630} 0.0042] 1.4681] 1.4390] 0.0060] 1.44590 
ri 16 1.7500] 1.7094] 0.0045] 1.7139] 1.6823] 0.0068] 1.6891 
2 16 2.0000] I.9594] 0.0047] I.9641| 1.9323] 0.0068] 1.9301 
2% 16 2.2500] 2.2004] 0.0040] 2.2143] 2.1823] 0.0068] 1.1891 
2} 16 2.5000] 2.4594] 0.0050] 2.4644] 2.4323] 0.0068] 2.4391 
2} 16 2.7500| 2.7004] 0.0052] 2.7146] 2.6823] 0.0068] 2.6801 
8 16 3.0000] 2.9594] 0.0053] 2.9647] 2.9323] 0.0068] 2.93901 
33 16 3.5000] 3.4594] 0.0056] 3.4650] 3.4323] 0.0068) 3.4391 
4 16 4.0000} 3.9594] 0.0050] 3.9653] 3.9323] 0.0068] 3.9301 
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BRITISH STANDARD WHITWORTH THREADS 


The British Engineering Standards Association have adopted 
new standards for threads used in Great Britain, these standards, 
as in the United States, including pitch diameter, angle and lead and 
tolerances on them all. There are differences in terms, both as 
to threads and gages. The main differences are: 


American Standard = British Standard 
Major diameter = Full diameter 
Minor diameter = Core diameter 

Pitch diameter = Effective diameter 


By bearing these differences in mind, the tables will be clear, as it 
seems best to give them exactly as adopted by the B. E. S, A. 
Very complete tables have been compiled to show the corrections to 
effective (pitch) diameter required to compensate for errors of 
both pitch and angle in the Whitworth form of thread, but no 
tolerances are given as to the exact shape or size of the radius, as 
these should always clear except in special cases. These tables 
are copyrighted and may be obtained from the B. E. S. A. in 
London by whose permission they are used here. 
Tolerances are calculated as follows: 


| Full Diameter ieee | Core Diameter 

e Mf Sti 

Bolt ch. 2008-0: 3 X0.01rv p 2X 0.01Vp 4X 0.017 p) 
INTGE Eaters ols obs 4 Xo0.01v/p Bee] ie 3X 0.01V p 


The term “‘grade’’ is used to express the sum of the errors on 
effective diameter and on pitch and angle measured as diametral 
errors. ‘Play’ is used for the difference between the effective 
diameter error and the sum of the other two. The limits for 
grade and play are: 


Grade = 4 X ot p. Play = 2 X o.o1 Vp. 
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BRITISH ASSOCIATION SCREW THREADS (B.A.) 


British Association threads differ in every way from the Britis 
Standard or Whitworth thread, except that they are rounded at to: 
and bottom. The angle is 473 degrees and metric measurement 
are used, the standard sizes in millimeters being rounded off in eac! 
case to the second significant figure after calculation from th 
formulae below: . 

Pitch in millimeters = (0.9)” when n is number designating th 
screw. 

Diameters = 6 X pitch’ 

Roots and crests are rounded with equal radii such that th 
double depth of thread = $ pitch. 

These are for screws smaller than } inch similar to the America: 
numbered series. The numbers, however, are opposite, No. | 
being the largest. The table follows: 
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The leading thread forms now in use are: 
American (National) Standard— 


Pp = pitch 
d = depth = p X .6495 
f= fiat = 4 


This thread was devised by Wm. Sellers 
and recommended by the Frankli 
Institute. 


British Association Standard— 


p = pitch 

d = depth = p X 0.6 

pe ratte eee 
II 


This thread has been adopted in Englan 
for small screws used by opticians and i 
. telegraph work, upon recommendation 
made by the committtee of the British Association. It was derives 
from the Swiss thread of Prof. Thury. The diameter and pitches i 
this system are in millimeters. 

Buttress— 

I 


PRE no. threads per inch 

d = depth = $p 
The buttress thread takes a bearing onl; 
on the straight side and is very strong it 
that direction. The ratchet thread iso 
practically the same form but sharper. 
International (Metric) Standard— 


p = pitch 
d = depth = ~ X 0.6495 
f = flat = f 


The International thread is of the sam: 
form as the American. This system wa 

. recommended by a Congress held a 
Zurich in 1898, and is much the same as the metric system of thread 
generally used in France. The sizes and pitches in the system ar 
in millimeters. 


Square— 
Pisen! Gol I 
2S ae no. threads per inch 
d= depth = 49 


f = width of flat = 3 

s = width of space = 3 p. 
While theoretically depth, width o 
space and thread are each one-hal 
the pitch, in practice the groove is cw 
slightly wider and deeper. 
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Lowenherz-German— 
“Used on the Continent for fine work. 
a ¥ Pitch in millimeters 
T°. Di=s FE 
F = flat = 0.0049 X pitch in millimeters. 


V, 60-degree Sharp— 


p = pitch = = 


no. threads per inch 
d = depth = p X 0.8660 

While the sharp V form gives a deeper 
thread than the U. S. Standard, the 
objections urged against the thread are 
that the sharp top is injured by the 
slightest accident, and, in the case of taps 
and dies, the fine edge is quickly lost, causing constant variation 
in fitting. 


Whitworth Standard— 
; I 

(Lae ae Sth ese per inch 

d = depth = ~ X 0.64033 

r = radius = ~ X 0.1373 
The Whitworth thread is the standard 
in use in England. It was devised by 
Sir Joseph Whitworth in 1841, the system 
then proposed by him being slightly modified in 1857 and 186r. 
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PIPE AND PIPE THREADS 


AMERICAN STANDARD PIPE THREADS 


The American or Briggs Pipe Thread Standard was formulated 
by Robert Briggs prior to 1882. It has been modified to conform 
to pitch diameter instead of outside diameter, and the tables now 
given have been approved by the leading technical associations, 
through the American Engineering Standard Committee. 
Although the tables and illustrations appear quite different than in 
previous editions, the essential dimensions are very similar. 

The taper is 1 to 16 inches, or $ inch per foot. The thread 
angle is 60 degrees measured from the axis of the pipe. Mr. Briggs 
originally advocated rounding the threads, but they are slightly 
flattened to 0.033 of the pitch instead. The formula now gives the 
effective length of thread, that includes two threads slightly imperfect, 
while the old formula gave the length of perfect threads, see Fig. 1. 


Reade 
eae -yeU i reads Aue, 
kee E-Length of Etfechve Thread. fe lech 2 
Lngagement| |e: 

by fond 

between yaS fax 


jaan ‘Taper Iinlb6measuredondham. 
Thread 8 
Pitch Diam ot Thread Pitch Diamof Thread QDofFipe 
at End of Pipe at Gaging Notch 


AD-M005G +P B-AtQ0605F E=PIQED+G8) Depthof Thrd:04P 
Frc. 1—Standard Notations, See Table r 


Diameter of Taper Thread.—The pitch diameters of the taper 
thread are determined by formulas based on the outside diameter 
of pipe and the pitch of thread. These are as follows: 


A= D— (0.050) + 1.1)P B= A + 0.0625F 

pitch diameter of thread at end of pipe. 

pitch diameter of thread at gaging notch. 

D = outside diameter of pipe. 

F = normal engagement by hand between external and 
internal threads. 

P = pitch of thread. 


Length of Thread.—The length of the taper external or male 
thread is determined by a formula based on the outside diameter 
of the pipe and the pitch of the thread. This is as follows: 

E = (0.80D + 6.8)P 
86 


where A 
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where £ = length of effective thread. 
D = outside diameter of pipe. 
P = pitch of thread. 


Depth of thread = 0.80 P 
For engagement of threads, see F in Table r. 


Dracram SHOwING NoTATION OF AMERICAN STANDARD TAPER 
PrrpE TurEeAD (See Table 1) 


A = D — (0.05D + 1.1)P 
B=A + 0.0625F 

E = (0.80D + 6.8)P 
Depth of thread = 0,80P 


Gages and Methods of Gaging 


Gages to maintain interchangeability of product properly should 
consist of master gages, reference gages used for checking working 
gages (see Figs. 2, 3 and 4) and working gages used for checking the 
oa The dimensions and use of these gages are described 

elow. 

Master Gage.—The master gage is a taper-threaded plug gage. 
This should be accompanied by two taper threaded ring gages 
(known as checks) to afford ready comparisons. The plug gage is 
made to the dimensions given in Table 1, and shown in the diagram 
and in Figs. 2, 3 and 4. It includes the gaging notch, or the dif- 
ference between E and F in Table 1. 

One ring (check) has a thickness equal to dimension F, is the same 
diameter at the small end as the small end of the plug gage and is 
flush with the plug gage at the small end and at the gaging notch 
when screwed on tight by hand (see Fig. 2). This check will be 
fitted to its master. ; 

The other ring (check) has a thickness equal to dimension E, but 
is threaded for a distance equal to E minus F. It is the same 
diameter at the large end as the large end of the plug gage. The 
distance equal to F/ is counterbored and unthreaded (see Fig. 3). 
This check will also be fitted to its master. 

The roots of the threads are cut to a sharp V, or may be undercut 
beyond the sharp V to facilitate making the thread (see Fig. 4). 
The crests are truncated* an amount equal to o.1P, as illustrated in 
Fig. 4. 

Master gages and their checks are primarily for the use of gage 
and thread-tool manufacturers, and for very accurate reference in 
checking gages. 

Reference Gage.—The reference gage consists of one taper- 
threaded plug gage and two taper-threaded ring gages. The plug 
gage is made to:the dimensions given in Table 1, and shown in Figs. 
2,3 and 4. Itimcludes the gaging notch. 

One ring gage has a thickness equal to dimension F, is the same 
diameter at the small end as the small end of the plug gage and is 


* The object of truncating the crests on gages (truncation 0,1P) is to insure 
that, when gaging a commercial thread cut with a slightly dull tool, the gage 
bears on the sides of the thread instead of on the roots. 
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flush with the plug gage at the small end and at the gaging notch 
when screwed on tight by hand (see fig. 2), 

The other ring gage has a thickness equal to dimension £, but is 
threaded for a distance equal to HE minus/. It is the same diameter 
at the large end as the large end of the plug gage. The distance 
equal to F is counterbored and unthreaded (see Fig. 3). 
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Reference Gages for Checking Working Gages 
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Ring 
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Working Gage.—The working gage consists of one taper-threaded 
plug gage and one taper-threaded ring gage. The plug gage is 
made to the dimensions given in Table 1, and shown in Figs. 5 and 6. 
It includes the gaging notch. 

The ring gage has a thickness equal to dimension F, and is the 
same diameter at the small end as the small end of the plug gage 
(see Fig. 5). Cates 

The crests are truncated an amount equal to 0.1P. The roots 
are cut to a sharp V, or may be undercut beyond the sharp V to 
facilitate making the thread (see Fig. 6). 
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Gaging Taper External Threads.—In gaging external or male 
threads, the ring gage, Fig. 5, should screw tight by hand on the 
pipe or male thread until the small end of the gage is flush with the 
end of the thread (see Fig. 7). 

Gaging Taper Internal Threads.—In gaging internal or female 
threads, the plug gage, Fig. 5, should screw tight by hand into the 
fitting or coupling until the notch is flush with the face. When 
the thread is chamfered, the notch should be flush with the bottom 
of the chamfer. 

This method of gaging is used either for taper internal (female) 
threads or for straight threaded couplings which screw together 
with taper external (male) threads (see Figs. 10 and 13). 


GAGE AND WORKING TOLERANCES 


Gage Tolerances.—In the manufacture of gages, variations from 
basic dimensions are unavoidable. Furthermore, gages will wear 
in use. In order to fix the maximum allowable variations of gages, 
tolerances have been established. 


American Japer 
Working pag Cage Qneturn Plu Ss OneTurn Minus 


il all 


Fic. 7 Fic. 8 Fic. 9 
American Te ; 
Working Plug Gag iS Pon Torn Plus pare Turn Mis 

Fushi: \ | 
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Master-Gage’ Tolerances.—Master gages should be made within 
the narrowest possible limits of error, and checks should be fitted to 
their masters. Each master gage should, in addition, be accom- 
panied by a record of all measurements, and a statement of the 
decimal part of a turn it varies plus or minus from the basic 
dimensions, 
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Table 2 column 1, is used when checking gages by measurement. 

No point on the thread surface of the gage should be outside 
of the zone of tolerance indicated by the shaded portion of the 
illustration. 


Taper 

/ el 6 
measured 
on darmeter 


ween Q)- -----0+-2-------5 


Diagram of Pipe Gage Thread 


The dotted line indicates the outline of a perfect gage made 
exactly to the basic dimensions. 


A = basic pitch diameter at small end of gage. 
B = minimum pitch diameter at small end of gage. 
C = maximum pitch diameter at small end of gage. 
B = A — Column 1 from Table 2 for reference gages. 
C = A + Column 1 from Table 2 for reference gages. 
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Column 2 gives the equivalent of column 1, expressed in terms of 
distance parallel to the-axis, and represents the maximum distance 
that a reference ring gage of perfect thickness or a reference plug 
gage of perfect length from small end to gaging notch may vary 
from being flush at the gaging notch or at the small end, when 
referred to basic dimensions. It is equal to 16 times column 1, 
owing to the basic taper of 1 in 16, measured on the diameter. This 
column is used when checking reference gages by comparison with 
a master gage. The necessary allowance must be made, of course, 
for the error in the master. 

Column 3 gives the equivalent of column 2, expressed in terms of 
the decimal part of a turn from the basic dimensions. This column 
is also used when checking reference gages by comparison with a 
master gage. In this operation the necessary allowance must be 
made for the error in the master. 

A tolerance of plus or minus 0.0002 inch (0.005 millimeter) is 
allowed on the distance between the gaging notch and the small 
end of the reference plug gage, or on the thickness of the reference 
ring gage. It is possible for reference plug and ring gages which 
come within all of the above tolerances to vary from being flush 
with each other at the small end, or at the gaging notch, when 
screwed together tightly by hand. The maximum variation which 
might occur, expressed in terms of distance, is given in column 
4, and gages which come within these limits should be checked by 
measurement before being rejected. Working gage tolerance is 
twice the tolerance allowed in the reference gages. 

Manufacturing Tolerances.—The maximum allowable variation 
in the commercial product is one turn plus or one turn minus from 
the gaging notch when using working gages (see Figs. 8, 9, 11 and 
12). ‘This is equivalent to a maximum allowable variation of one 
and one-half turns from the basic dimensions, owing to the allow- 
ance of one-half turn on working gages. 


STRAIGHT THREAD AND ITS USES 


While the taper external and internal threads are recommended 
for threaded joints for every service, there are certain uses for a 
straight pipe thread. Straight threaded female wrought-iron or 
wrought-steel couplings of the weight known as “standard”? may 
be used with taper-threaded pipe for ordinary pressures, as they 
are sufficiently ductile to adjust themselves to the taper male 
thread when properly screwed together. (For dimensions, see 
Table 4.) For high pressures, however, only taper-threaded pipe 
and fittings should be used. . 

Straight male threads are recognized only for special applica- 
tions, such as long screws and tank nipples. 

In gaging, the American taper working plug gage is used, allow- 
ing the same tolerance from the notch as for a taper thread (see 
Fig. 13). The straight thread on the pipe enters the coupling freely 
by hand, the joint being made by a packing material between the 
locknut and the coupling. 
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TABLE 4.—DIMENSIONS OF AMERICAN STANDARD STRAIGHT PIP1 


‘THREAD 
A | G5 . Depth of Number of 
Nominal Size B Thread Threads 
ai i ai Per 254 
Milli- Milli- Milli- Per bk 
Inches Inches Inches Milli- 
meters meters meters | Inch i Vers 
$ 3 | 0.37476] 9.510] 0.02063] 0.753 | 27 270 
4 6 0.489089] 12.443] 0.04444] 1.129 18 180 
3 10 0.62701] 15.926] 0.04444) 1.129 18 180 
3 13. | 0.77843] 19.772| 0.05714] I.451 14 140 
3 IQ },0.98886] 25.117] 0.05714] 1.451 14 I40 
I 25 1.23863] 31.461] 0.06956] 1.767 11} IIs 
1} 32 I.58338| 40.218] 0.06056] 1.767 11¢ IIs 
13 38 1.82234] 46.287] 0.06956] 1.767 11} IIs 
2 50 2.290627| 58.325] 0.06056] 1.767 Ii} IIs 
2} 64 2.76216} 70.159] 0.10000] 2.540 8 80 
3 70 3.38850| 86.068] 0.10000] 2.540 8 80 
34 90 3.88881] 98.776] 0.10000} 2.540 8 80 
4 100 4.38713] II1I.433] 0.10000] 2.540 8 80 
4} 113 4.88504] 124.103] 0.10000] 2.540 8 80 
5 125 5.44929] 138.412] 0.10000] 2.540 8 80 
6 150 6.50597] 165.252] 0.10000] 2.540 8 80 
7 175 7.50234] 190.560] 0.10000} 2.540 8 80 
8 200 8.50003] 215.901] 0.10000} 2.540 8 80 
9 225 9.49797] 241.249] 0.10000] 2.540 8 80 
10 250 |10.62004| 269.772] 0.10000] 2.540 8 80 
It 275 II.61938] 205.133] 0.10000] 2.540 8 80 
12 300 |12.61781| 320.493] 0.10000] 2.540 8 80 
14 O.D. 350 |13.87262] 352.365] 0.10000] 2.540 8 80 
15 O.D. 375 |14.87419] 377.805] 0.10000] 2.540 8 80 
16 O.D. 400 |15.87575| 403.245] 0.10000} 2.540 8 80 
17 O.D. 425 |16.87500] 428.626] 0.10000] 2.540 8 80 
18 O.D. 450 |17.87500] 454.026] 0.10000] 2.540 8 80 
20 O.D. 500 |19.87031| 504.707] 0.10000] 2.540 8 80 
22 0.D. 550 |21.86562] 555.388] 0.10000] 2.540 8 80 
24 0.D. 600 |23.86094|] 606.069] 0.10000] 2.540 8 80 
26 O.D. 650 |25.85625| 656.758] 0.10000] 2.540 Soe 80 
28 O.D. 700 |27.85156| 707.431] 0.10000] 2.540 8 80 
30 O.D. 750 |29.84687] 758.112] 0.10000] 2.540 8 80 
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TABLE 5.—DRILL Si1zES FOR AMERICAN TAPER Piper Taps FOR 
TAPPING WITHOUT REAMING 


Root Diam. 


Size | Threads | Root Diam.) Small End Tap; Dail 
-_of per f T in | of Pipe and - 
Pipe Inch a ate Gage in Sez, Decimal 
pen Inches ¢ Equivalent 
1 27 0.3145 023339 R 0.339 
18 0.4043 0.4329 ve 0.437 
4 18 0.5393 0.5676 iH 0.578 
4 14 0.6651 0.7013 0.719 
4 14 0.8751 0.9105 be 0.921 
I rr} I.1017 I.1441 Igy 1.156 
I r14 1.4447 1.4876 14 I.500 
I Li¢ 1.6828 1.7205 14t I.734 
2 I14 2.1578 2.1905 2.35 2.218 
2} 8 2.5617 2.6195 2% 2.625 
3 8 3.1828 3.2406 3h 3.250 
34 8 3.6789 3.7375 3h 3.750 
4 8 4.1750 4.2344 4% 4.250 


BRASS TUBE SIZES FOR CHANDELIER WORK 


TABLE 6.—TuBING, JOINTS AND FITTINGS FOR CHANDELIERS ARE 


OF THE FOLLOWING SIzES 


Outside Diameter 


or Trade Name of Thread 


nonin jotta eA 
eoo0o0o00000 


. 205 
QO 
.390 
-452 
1515 
-577 
.640 
. 765 


Outside Diameter 


Number of Threads 
to the Inch 


27 
27 
27 
27 
27 
27 
27 
27 


French chandelier work uses tubing 11 millimeters (0.433 inch) 
in diameter, with a thread of 1.3-millimeter pitch, (0.05 inch or 


about 20 theads per inch). 
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PIPE USED IN OIL-WELL WORK 
AMERICAN PETROLEUM INSTITUTE STANDARD 


Steel for butt-welded line pipe, drive pipe, casing and tubing may 
be made by Bessemer open-hearth or electric process if of good weld- 
ing quality. For lap-welded drill pipe, open-hearth steel is used, 
while for seamless drill pipe it may be either open-hearth or electric. 

American standard-form threads are used, except that threads 
on pipe for rotary drilling may be rounded to 0.017 inch radius on 
8 pitch instead of being flattened. Three tapers are used, these 
being given in Table 8 together with the tolerances. 


TABLE 8.—TAPERS AND TOLERANCES 


When taper per foot is 
specified as: 


YeInch | Inch | ¢ Inch 
Maximum taper, inches 1 ate 
Minimum taper, inches & poo BR 


Several dimensions for oil-well casings are given in Table 9. 
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Io4 PIPE THREADS 
Gis, ., Gage Pe IM Variation of gages 


0750: 
O.Dof Py pe fe measured trom 


iQ S >>> 
Pls SST LengthotPertect Trash sal end 
OD of | Pipe? C Fifechvelength of Thirds: 
minus Yi4" 


TABLE 11.—GAGES 
(See Table 10 of Casing-Thread Dimensions for Lengths, etc.) 


Pitch Maj 

Size Rumber | Zeper, | Diameter at] Diameter a 
per-Inch Inch in toes oheccccl 
Lacce nim Aap eel Be ee 

4¢ 10 4 4.6700 4.7366 

4% upset 10 3 4.9200 4.9866 

5f 10 3 5.6700 5.7366 

5% upset 10 3 5.9200 5.9866 

63 10 2 6.5450 6.6116 

8% 10 a 8.0450 8.1116 

8% upset 10 3 8.2050 8.3616 

83 10 3 8.5450 8.6116 

10f 8 3 10.6500 10.7333 

3 3 

11¢ 8 q 11.6500 IL. 7333 

138 8 7 13.2750 | 13.3583 

16 8 2 15.9000 | 15.9833 

183 8 3 18.5250 18.6083 

214 8 3 21.4000 21.4833 

244 8 4 24.4000 24.4833 

TOLERANCES 
10 Threads, #-inch Taper per Foot 
Pitch diameétets. (2!) .cenas coho + 0.0005 inch . 
Teead «5:22. attra: el tetanus aches ++ 0.0003 inch in length of gage 
Tapeti..jc.. ee he wale ee + 0.0005 inch in length of gage 
Half included angle............. + 10 minutes 
8 Threads, $-inch Taper per Foot 
Pitch diametera-cnerrvnuee 4 « + 0.0010 inch 

Lead errs braemittes wean, aes + 0.0005 inch in length of gage 
Baers? Rie eee ita alge ae ec + o.ooro inch in length of gage) 


Half included angle............. + ro minutes 


BRITISH PIPE THREADS IOS 


STANDARD PIPE THREADS! 


British pipe ends are shown in Fig. 14 and gaged with a plain 
tapered ring gage, Fig. 15. The step is the tolerance. Pitch and 
form of thread are checked with a profile or comb gage. Inside 


Min. Length of Thread-Col 7 
alee «2 Positiort 
TCZLIINIILSA of Gage Diam. \~} 
Col. 9 ee 
ae 
Conedl Inn IG measured? 
on the diameter 


Fics. 14 and 15 


thread diameters of couplings and fittings are checked by gages 
having threads with sharp angles that will bear only on the roots of 
the threads. Sucha gage is shown in Fig. 16. The distance from C 


Gage to Diam. 
SeeCol. 3. C4 


| 

Coned lin 16 
measured on 
. 


diameter Lage 
BIGuiro, 


to D is the difference between columns ro and 11 in the table. 
When screwed in by hand C must go inside coupler and D must 
remain outside. The gage in Fig. rs is used in the same way, 

_ 1By permission British Engineering Standards Committee. 


PIPE THREADS 


106 


89° 
LS* 
LS" 


es” 
zs* 
cy: 


zy: 
1g° 
pase 


Ts 
bitte 
re 


IgA 
9° 
S15 


Ce) S6°0 H fz Sr II bvoo'e ogso'o oz’ ye 
° 0g°o H $z tI Il bre-z 0gSo°o 0906°% £ 
ro) 0g°o Sad 4% tI 11 ILv'z ogso'°o Lgs"z 4 
to) £L°0 g {z a1 II 1ez'"% ogso'o LYE*z% £z 
fo) £L°0 4 1x4 41 II 000° ogso'o OIl’e iz 
° gs'o 4 z I II 99L'"I ogso'o ZBgQ°r Ebr 
(0) sso 4 z I II VEST 0gso'o OSg°l HI 
to) bro % EL g II £O1°r ogso'o 60£°T GI 
fo) by-o 4 £1 $ v1 goo'r Ssvo'o 6gI'l Sir 
to) bro $ £1 t v1 0S6'0 Ssvo'o Ivo'L SET 
° 6z°0 q ¥1 4 tI I1g'0 SSto'o z06°0 at 
° 6z°0 ¥ tI g v1 velo Ssvo'o S$zg'o ug 
(0) 6z°O 4 I £ 61 6gS°o0 sefo-o 989°0 bag 
Oo zz°O ot g a 61 1st‘o Sefo°o gIs‘o ae 
(0) gro af t £ Bz LSEo ofz0'o £ge°o # 
“UI JopUMIeIG, 
“UI ‘xB «|prepueyg| “Ul pug aseyg oy} Se oqny 
aajdnog adig yout sod adig jo pug “PI BI yor[g jo 
uy uO spray WOd} vouey prot 2a) ioyoureIq, 
7 jo -sIq 9uIeg jo yydoq royowWeIg: apIsInoO 
(marog rodey, *T sse[Q) TOQUE IN: page ON aBeD) see 
pug odig wo1j 10j0ureIq ; Ee Ask! ! Vv 
aBeL JO 2UeIsIG pro, jo yyBue7T 2222) 
L 9 ci £ z 


oI | 6 | 8 


| y 


(soyouy Ul SuOIsuSTaI(]) 


SaVauH], TdIg GUVGNVIS HSILING—zI ATAV], 


HH HHA 


reortemin  riwokomit koe etete 


aqny 
jo o10g 
Jeurm0N 


107 


BRITISH PIPE THREADS 


*soyoul F 04 ZI WoIZ speeiy} OI pue seyour £1 04 F WII] sezIs UO pasn sI Your Jed spel} Oz FIOM 9qn} 1eddoo ainssaid-Mo] UO 


Lo'l £f°z z 9 £ g ozS "gr 00g0°0 0g9°gI ¥gr gr 
Lov1 £e"~Z z 9 £ 8 OzS*Lt 00g0'0 ogg’ LI LT LT 
9S*1 o1'z ii #8 fz 8 OzS “or 00g0°0 089 °91 #91 or 
grr toe $1 4¢ tz g ozS"Str 00g0°0 0g9 ‘SI Sr SI 
over bo-z EI gs tz 8 OzS* FI 00g0'0 0g9 ‘v1 ¥V1 v1 
Sor 06‘I $1 ¥s 2% g OCS EF 00g0'0 ogg’ £1 REL €1 
Ser 06°1 $1 s £% 8 06z"zZI 00g0°0 ost" zi 721 ZI 
Se'1 06°I $1 s 4% g 06z "II 00g0'0 oSv- 11 411 II 
Ser 06°I q1 iv $2 Or Ez£°O1 ovgo'o osb‘or £01 or 
Serr SL°1 £1 a4 tz or zZzel'6 orvgo'o ost 6 46 6 
Sort SL°I £1 ty +z oI ZZE°8 obgo'o osh'g #38 g 
noha Og'r #1 baa 8% Or Sele, ovgo'o osy'L ¥L L 
Sr°1 0g*I a1 v z II vee-9 ogso’o osh-9 £9 9 
vo'r ovr fI xe $1 LE begs ogso'o os6's 9 €s 
v6"0 TESS #1 ¥e tI II pees ogso'o osr-s gs Mie Si 
£g°0 Ey one I ¥¢e gr II ves ogso"o os6't S a4 
fg°o0 Joa wh a ¢ $1 Il vEey ogso'o ost had v 
Szr'o) ZOE 4 £ coe It bgo'v ogso"o 007’ v t¢ 
€L-‘0 ZO'L $ iS $1 It PEg ef ogso'o os6'¢ v ¥£ 
£L‘0 zO"l 2 £ £1 II ves'e ogso'o ool’ te ye 
39°0 S$6°0 at tz RI II bree ogso"o ogre ¥e £ 


108 PIPE THREADS 


TABLE 13.—MeEtric Pipr THREADS 


Nominal Inside Inside Pipe |External Thread] Internal Thread | Number of 
Pipe Diameter Diameter in Diameter in Diameter in Threads 
in Inches Millimeters Millimeters Millimeters per Inch 
i 
3 ake} 8.3 19 
i 6.35 13 1.3 19 
3 9.52 16.5 14.8 19 
4 12.70 20.5 18.2 14 
§ 15.87 23 20.7 14 
3 19.05 26.5 24.2 14 
I 25.40 33 30 II 
1% 31-75 42 39 II 
1} 38.10 48 45 II 
1i 44.45 52 49 II 
2 50.30 59-7 56.7 II 
2} 63.50 76 73 II 
3 76.20 89 86 Ir 
34 88.90 IO1.5 98.5 II 
4 101.60 II4 IIr II 


NATIONAL (AMERICAN) STANDARD FIRE-HOSE 
COUPLING SCREW THREAD 


This standard covers the threaded part of fire-hose: couplings, 
hydrant outlets, stand-pipe connections, Siamese connections, 
and all other special fittings on fire lines where fittings of 24, 3, 33, 
and 4% in. nominal diameter are used. It should be noted also 


"NIPPLE COUPLING SWIVEL be 
Fic. 17.—Standard Hose Couplings 
that they determine the size of the finished product and not of 


the threading tools. The Standard Fire-Hose Coupling Screw 
Thread is the American (National) Standard form. 


FIRE HOSE COUPLINGS Tog 


TABLE 14.—CHARACTERISTICS OF THE NATIONAL STANDARD FIRE- 
Hosr Couprinc Screw THREAD 
(All Dimensions in Inches) 


G Nidscary inside diameter of hose coup- 
EReSerre merry. AT POL oh. SNS, 9 

N Number of threads per inch.......... 
L Total length of threaded part of coup- 
ling and hydrant nipple, external thread 

I Distance from face of nipple to start of 
Secondeburtcor tre ane aia ae 
H Depth of coupling swivel to washer seat 
J Distance from face of coupling swivel to 
BiannG second tur shea ek uc tne dak 
T Depth of thread of coupling swivel..... 


1 XL 3 
22 3 32 42 
7z | 6 6 4 
I it 1% rt} 

Hk 5 nt 

i 5 ae ye 78 i 

16 | tie | lie | lié 
uy! 1 pi 3 

16 4 4 8 
it 13 13 15 

16 16 16 16 


TABLE 15.—LimITING DIMENSIONS FOR THREADS OF COUPLING 
SwIvELs AND Hyprant Cars (INTERNAL!) 
(All Dimensions in Inches) 


No. of Min. Pitch Diameter 
Nominal Threads | Major 
Size per Diam- 
Inch eter? Max. 
2.'500 735 3.0836] 3.0130] 2 
Bree 6.0 | 3-6389 | 3.5486 | 3 
3.500 - 6,0 
4.500 4.0 


Minor Diameter 


Min. | Max. Min, 


+9970 | 2.9424] 2.9104 
-5306 | 3-4583 | 3.4223 


4.2639 | 4.1736 | 4.1556 | 4.0833 | 4.0473 
5.7859) 5.6485 | 5.6235 | 5.5111] 5.4611 


TABLE 16.—LimiTING DIMENSIONS OF THREADS OF COUPLING AND 
Hyprant Nippres (EXTERNAL!) 
(Dimensions in Inches) 


No. of Major Diameter Pitch Diameter Max. 


Minor 
Diam- 


Max. Min. eter3 


Nominal Threads 
Size per 

Inch Max. Min. 
2.500 Ghe 3.0686 | 3.0366 | 2 
3.000 6.0 3.6239 | 3.5879 | 3 
3-500 6.0 | 4.2439] 4.2079 | 4 
4.500 4.0 | 5.7609] 5.7109 | 5 


.9820 | 2.9660} 2.8954 
5156 | 3.4976 | 3.4073 
-1356| 4.1176 | 4.0273 
-5985 | 5.5735 | 5.4361 


1The largest nipple is purposely made smaller in diameter than the 
smallest coupling in order to insure a fit loose enough so that these threads 
can be assembled quickly regardless of the presence of dirt, burrs, bruises, etc. 
2 These dimensions correspond to the basic flat (4). The profile at the 
major diameter of the coupling, produced by a worn tool, must not fall below 


the basic outline, but a new tool may be made 
small as 7; p (p = pitch of thread). 


with a flat at the point as 


3 These dimensions are figured to the intersection of the worn-tool are with 
a center line through crest and root. New tools may be made to give a 
minimum minor diameter of the nipple as small as'that corresponding toa 


flat of 7; dD. 
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TABLE 17.—Liumtinc Dimensions oF Freip Inspection PLuG 
ScREW THREAD GAGES FOR COUPLING SWIVELS AND HyDRANT 
Caps (INTERNAL) 

(Dimensions in Inches) 


Go" or Minimum “Not Go” or Maximum 
No. of Gage age 


er Major Diam. | Pitch Diam. | Major Diam. | Pitch Diam. 


Size 
nc —_—_ 
Max. | Min. | Max. | Min. | Max. | Min. | Max.| Min. 
2.500 3.0846]3.0836]2.9980]2.9970|3 . 0836/3. 0826/3 .0130/3.0120 


yess) 
6.0 |3.6399|3 .6389/3 . 5316/3. 5306/3 .6380|3 .6370]3. 5486|3.5476 
3.500 6.0 4; 204914. 205914. 150014. 155014. 2030/4; 2800) 4ag a0 meni ® 
4.0 |5,7860|5.7859/5.6245]5.6235|5.7859|5-7849]5 .6485|5.6475 


Notrs.—(a) The minor diameters of plug thread gages are undercut below 
the nominal minor diameter to give clearance for grinding or lapping. | 

(b) The allowance variation in lead between any two threads not farther 
apart than the length of engagement is + 0.0005 inch. 

(c) The allowable variation in one-half angle of thread is +10 minutes. 

(d) The diameters of the ‘‘not go”’ field inspection plain plug gages are the 
need as those given for the maximum minor diameter of couplings given in 

able 15. 


GAGING STANDARD FIRE-HOSE COUPLING SCREW 
THREADS 


National (American) Standard Fire-Hose Coupling Screw Thread 
will be inspected in the field by plug and ring gages made within | 
the limiting dimensions given in Tables 15and16. These will be in 
the hands of the representative of the purchaser, who will in | 
py casts be the Fire Chief or the Superintendent of Water Works, | 
or both. 


This Gage Must Not Screw - This Gage Must Not 


This Gage Must Screw On Onblorcthan wo(2) Turns. Slip Op Nipple 


TRS Bam acmiaasy Wl 
i pO ene 
_, 


i] This Gage Must Screwln ff 


This Gage Must Not 


{ 1H] This Gage Must Not Screw 
Enter Coupling 


: Tn More Than Two(2) Turns 


Coupling 


Fic. 18.—Gages for Standard Hose Couplings 


HOSE COUPLING GAGES III 


The manufacturers’ gages should, therefore, be made an appre- 
ciable amount within the limiting dimensions of these field inspec- 
tion gages, by whatever amount may be desired, so as to allow for 
gage wear and also to avoid, as far as possible, disagreements which 
might otherwise arise due to slight differences in the dimensions of 
the gages. 


TasLe 18.—Liwitinc Dimensions oF Fietp Inspection RING 
Screw THREAD GAGES FOR COUPLING AND HyDRANT NIPPLES 
(EXTERNAL) 


(Dimensions in Inches) 


“Not Go" or Minimum 
Gage 


“Go” or Maximum 
o. of age 


cae Pitch Diam. | Minor Diam. | Pitch Diam. | Minor Diam. 
nc 


Max. | Min, | Max. | Min. | Max. | Min. | Max. | Min. 


2,500 7.5 |2.9820]2.9810]2.9104]2.90094|2.9670]2.9660|2.9114/2: 9104 
3.000 6.0 |3.5156]3.5146]3.4223]3.4213]3. 4986/3. 4976|3 . 4233/3.4223 
3.500 6.0 |4.1356]4.1346]4.0473]4.0463]4.1186]4.1176]4.0483]4.0473 
4.500 4.0 |5.5085/5.5975|5. 4011/5 .4601/5.5745]5.5735|5- 4621/5. 4611 


Notes.—(a) The major diameters of the ring thread gages are undercut 
Pees. the nominal major diameters to give clearance for grinding or 
appin, 

(b) The allowable variation in lead between any two threads not farther 
apart than the length of engagement is + 0.0005 inch. 

(c) The allowable variation in one-half angle of thread is + 10 minutes. 

(d) The diameters of the ‘‘not go’’ field inspection plain ring gages are the 
mane ae hone given for the minimum major diameter of nipples given in 

able 1 


TWIST-DRILLS 


Tue twist-drill is perhaps one of the most efficient tools in use as, 
‘although one half is cut away in the flutes, it has a very large cutting 
surface in proportion to its cross-sectional area. This is made pos- 
sible by the fact that the work helps to support the drill and the feed 
pressure on the drill tends to force the point into a cone-shaped hole 
which centers it. | 

In addition to the radial relief or backing-off behind the cutting 
edge, twist-drills have longitudinal clearance by decreasing the 
diameter from the point toward the shank, varying from .o0025 to 

.oots per inch ofJength. ‘This prevents binding and i is essential in. 
accurate drilling. 

The shape of the groove affects the power and the shape of the 
chip and experiments by the Cleveland Twist Drill Company are 
interesting. The groove in Fig. 1 does not give a good cutting edge 


FIG, I FIG. 2 FIG, 3 
Grooves of Twist Drills 


especially near the center, as it does not allow a full curl to the chip. 
Fig. 2 is a very free cutting-groove, the chips curl up to the full size 
of the groove and this reduces the power required to bend the chips. 
Fig. 3 is an even better form as it rolls a chip with each turn conical 
so that one lays inside the other and makes a much shorter chip 
from the same depth of hole. 

The angle of spirals varies from 18 to 35 degrees. In theory 
the finer the pitch or the greater the angle, the easier it should be to 
cut and curl the chip. But this gives a weak cutting edge and’ 
reduces the ability to carry off the heat, and it does not clear itself 
of chips so well. After a long series of tests the same firm adopted 
27% degrees for the spiral. This angle makes the spiral groove of all 
drills start at the point with a pitch equal to six diameters of the 
blank, the increase in twist being a constant function of the angular} 
movement of rotation of the drill blank. This angle is based on| 
holes from one to three diameters deep. For deeper holes a smaller| 
angle might be advisable and greater angle for holes of less depth. 
There is practically no difference in torsional stress with the angle) 
between 25 and 30 degrees. ; 


SHARPENING DRILLS 


Drills should be sharpened so as to cut the right size and with as) 
little power as possible. To cut the right size both lips must be the’ 


II2 


GRINDING DRILLS 113 


same length and the same angle. A gage as shown in Fig. 4 will 
help both to get the angle and to grind them central. This gives 
the usual lip edge of 59 degrees. Fig. 5 shows how you cansee if 
both lips are ground alike, but does not give the angle. Fig. 6 isa 
suggestion by Professor Sweet of relieving the drill back of the 
cutting edge, making it similar to a flat drill in this respect. 

For drilling brass or for any thin stock where the drill goes clear 
through, it is best to grind the cutting edge parallel with the axis of 
the drill. This does away with the tendency to draw into the work. 
Fig. 7 shows how this is done. 


Grinding Twist Drills 


It is sometimes necessary to thin the point of the drill to get best 
results. This requires care in grinding but can be done as shown 
in Fig. 8. 

The best all-around clearance angle is 12 degrees, though for 
‘softer metals r5 degrees can be used. The 12 degrees is the angle 
at the cutting edge, but this should increase back of the cutting edge 
_ so that the line across the web should be 45 degrees, with the cutting 
' edges. ‘This is important, as it not only saves power but prevents 
splitting in hard service. The point of the drill should [ook like 
Fig. 7 or Fig. 8. Fig. 9 shows the clearance angle and the right 
angles for the drill point. 


SPEED oF DRiLis 
Learn to run drills at their proper speed to secure the most work 
‘with fewest grindings and breakages. It is good practice to use a 
-speed that will give 30 feet a minute cutting speed for steel, 35 feet 
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for cast iron and 60 feet for brass. This means that the cutting 
edge must run fast enough to make these speeds. For drilling steel 
with a #g-inch drill this means 1834 revolutions a minute, while for 
brass it would be 3668 revolutions. The table gives the speeds 
without any figuring for all drills up to 3 inches. These speeds 
require plenty of lubricant. This is for carbon steel drills. 

These speeds can be exceeded in many cases even with carbon 
drills, and can be doubled with high speed drills, in fact from 75 to 
150 feet is not uncommon with 200 feet a possibility under good 
conditions. The feeds in the table below can also be doubled in 
many cases. 


TABLE OF DritLt Frrps ror CARBON DRILLS 


& 
Inches of Feed per Minute at Cutting Speed of 
=| ‘ 
a 30 Feet—Steel 35 Feet—Iron 60 Feet—Brass 
° F 
< 
A |Minite| Feed co¢-co7 | Miakte| 204-007 | Nilntte [per Revolution 
ps | 1834 7.33  |12.83] 2140 |8.56 |14.97| 3668 |14.66| 25.76 
| KOL7 3.66 6.41) 1070 _|4.28 | 7.49) 1834 | 7.33] 12.83 
zs | O11 2.44 4.27| 713 |2.85 | 4.90] 1222 4.88} 8.58 
t | 458 1.83 3-20} 535 [2-14 | 3-741 917 | 3-66) 6.44 
Feed +007 | .O15 +007 -O15 -007 sO15 
367 2.57 5-5, 428,13 6.42] 733 5-14] rz 
306 2.14 4.6 | 357 |2.5 5-35| Orr 4.28) 9.2 
262 1.83 3-9 | 3060 -|2.14 | 4.58] 524 | 3.66) 7.8 
229 1.60 3.43] 268 {1.87 | 4. 459 | 3-20) 6.86 
184 1.28 2.75| 214 |I.50 | 3.21] 367 2.57| 5:5 
153 1.07 2.3 | 178 |1.25 | 2.67) 306 | 2.14! 4.6 
131 -OI I.95| 153 |1.07 | 2.29] 262 | 1.88] 3.93 
II5 -80 1.71] 134 -93| 2 229 | 1.60] 3.43 
102 Hips 1.53] I19 .83 | 1.79] 204 | 2.43] 3.00 


91.8 64 B37 toy 275 | 1-61) 183 1.28) 2.75 
83.3 58 E525] (1.9752 |) 208—1 I-45), LOZ paler. by it 2.58 
76.3 53 L-15| 89.21.02 i 2.39], 053, TOF) 2.3) | 
70.5 -49 r.05| 82.2] .57 | 1-23) 41 -99| 2.11 


65.5, -45 £97 17 Orda Se (nk LS |e aor .94| 1.96 
61.1 -42 292] siFIQrdeSOri| L.O7 ate, 85) 1.81 
57-3 -40 85} 66.9} .46 | 1. II5 -80|_ 1.73) 
51 36 -71| 59-4] 41 .89| 102 ele ey 
45.8 +32 68) 95358. 50h! 437 80] 91.7] .64] 1.37. 
41.7 29 -62| 48.60] .34 78 ||, ISSaAe Sol Leeks 


38.2 +27 -57| 44.6] .31 -67| : 76.4) 553] :-1.15)| 
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Frrp oF Dritts 


The feed of drills is usually given in parts of an inch per revolu- 
tion, 0,004 to 0.007 inch for drills of + inch and smaller and 0.007 to 
o.ors inch for larger drills being recommended. This has been 
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worked out into the table for the standard speeds to show inches of 
feed per minute for the three speeds given, which is more con- 
venient. This is not an iron-clad rule but should be used with 
judgment. For high-speed steel drills these figures can be just 
about doubled. 


Data For Dritimnc Cast Iron at FEED oF 1” PER Min, 
H.P. for i H.P. for 
Size of | Feed per| Thrustin} 1 Inch ||Size of | Feed per | Thrustin} 1 Inch 
Drill Rev. Lbs. Feed per |} Drill Rey. Lbs. | Feed per 
Min. Min. 
I -02 1300 -0035 .06 8000 | .02 
104, 2600 | .0063 24 .02 3200 | .008 
.06 3900 Reo} fe) .04 6500 | .o16 
1h 102 2000 .005 .06 9700 | .024 
.04 3900 -O10 3 02 3750 | .00g 
.06 5800 .O15 04 7700 | .O19 
2 02 2500 | .006 .06 II500 | .029 
.04 5300 .013 


For carbon steel the values run from 14 to 3 times these for cast 
iron, increasing with the feed per revolution. 

One inch flat twisted drills have been run from 313 to 575 r. p. m., 
with feeds of 11.27 and 28.1 inches per minute and required from 
5.22 to 11.60 actual horse power. 


Torque REQUIRED TO Dritt Cast IRON 


Diam. of | Feed in pene HP. per || Diam of Feed in hated H.P. per 
rill Inch | at 1 foot | Rev. rill Inch | at x foot Rey. 
per Rev.) “Radius per Rev. Radius 

I 02 50 .009 06 390 .072 
04 80 .O14 ak 02 200 .038 
06 120 .023 .04 400 .076 

14 02 75 .O14 .06 600 -I14 
04 150 .028 3 .02 280 053 
.06 225 .042 .04 575 .I09 

2 .02 125 1023 .06 870 167 
04 255 .048 


Dritt TROUBLES 


- Twist-drills will stand more strain in proportion to their size and 
weight than almost any other tool, and when a good drill gives 
trouble it is pretty safe to say some of the conditions are wrong. 

If it chips on the edge, the lip clearance is too great and fails to 
puppet the cutting edge or the feed is too heavy. Ease off on the 
feed first and then watch the grinding. 
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If it splits in the web it is either ground wrong, 7.c., does not have 
the center lip at the angle of 45 degrees or the feed is altogether too 
heavy. 

If the outer corner wears, it shows that the speed is too great. 
This is particularly noticeable on cast iron. 


Dritt POINTERS 


In most cases it is better to use high speeds almost to the point 
where the drill corners commence to wear with a light feed than to 
use slower speed and heavy feed. 

This is specially true of drilling in automatic machines where the 
holes are not more than twice as deep as the diameter where drills 
are flooded with lard oil. With deeper holes the chips are harder to 
get rid of and it is better to use slower speeds and heavier feeds as 
the drilled hole gets deeper. Speeds of 10,000 r. p. m. for drills + in. 
and smaller are not uncommon. 

Watch the drill chip and try to grind so that it will come out in a 
small compact roll. It is better to have this continuous clear to 
bottom of hole if possible. 

In drilling brass use a heavier feed especially on automatic 
machines, as it helps to work out the chips. If you lubricate at all, 
flood the work. Twist-drills ground as for steel often catch and 
“hog in” on brass, especially at the bottom of the hole, where it 
breaks through. To avoid this, grind the lead or rake from the 
cutting edge. 

In drilling hard material use turpentine as a lubricant. 

Drills feed easier by thinning the extreme point if this is carefully 
done. This is important in hand feeding. 

High-speed drills work best when warm. Lubricant should be 
heated to 150 degrees Fahr. when starting drills to work; they will 
soon maintain the proper temperature. i 


SPECIAL DRitts AND THEIR USES 

Ratchet-drills have a square taper shank, are used in hand- 

ratchet braces and in air-driven drills. Used in bridge building, 
structural and repair work. 

The shell drill, Fig. 10, is used after a two-groove drill in chucking 

out cored holes or for enlarging holes that 

CSS have been made with a two-groove drill. 

<7, It has a taper hole and a number of sizes 


can be used on the same arbor. 


ieee: 4 eine drills and jobbers or epee 
rills both have round shanks and only 
SS differ in size. Wire drills are made to a 
Fic, 10.—Shell Drill twist-drill gage and the others to a jobbers 
or fractional gage. 
Blacksmith drills all have a $-inch shank 23 inches long, so as to 
all fit the same holder. There is a flat on the shank for set-screw. 
The straightway or Farmers drill has the same clearance as a 
twist-drill but the flutes are straight. It is used mostly in drilling 
brass and soft metals or in drilling cross holes or castings where blow 
holes may be found, as it is less likely to run than the twist-drill, 
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Oil drills have the advantage of the cutting edge being kept cool 
and of the chips being forced back through the grooves which 
reduces friction to a minimum. They are used for all kinds of 
drilling, mostly deep hole work. In cast-iron drilling air is some- 
times used to blow out the chips and keep the drill cool. They are 
generally used in a screw or chucking machine or a lathe fitted for 
this work. Where the drill is held stationary and the work revolves, 
the oil is pumped to the connection.and flows through the holes in 
the drill as in Fig. rz. > 

Where the drill revolves as in a drill press, the oil is pumped into a 
collar which remains stationary while the drill socket revolves, as 
in Fig. 12. An oil groove around the socket and holes through 
to the drill connects with the holes in the drill itself. Other types 
are shown in Figs. 13 and 14. The latter is used mostly in screw 
or chucking machine turrets where the oil is pumped into the center 
of the turret and into the large hole in the shank of the drill. 


J (ISS 


FIG.17 


Fics. 11 to 17.—Several Kinds of Drills 


The hollow drill shown in Fig. 15 is used for deep drilling or long 
holes and is used in a lathe or some similar machine fitted for the 
purpose. It has a hole lengthwise through the shank connecting 
with the grooves of the drill. The shank can be threaded and fitted 
to a metal tube of such length as desired. The outside of the drill 
has a groove the whole length of the body. The lubricant is con- 
veyed to the point of the drill on the outside through these grooves, 
while the hollow tube admits of the passage of oil and chips from 
the point. In using this drill the hole is first started with a short 
drill the size of the hole desired and drilled to a depth equal to the 
length of the body of the hollow drill to be used. The body of 
the hollow drill acts as a packing, compelling the oil to follow 
the grooves and. the chips to flow out through the hollow shank. 

Three and four groove drills are used for chucking out cored holes 
or enlarged holes that are first drilled with a two-groove drill. 
They are much better than a two-groove drill for use in cored holes 
or to follow another drill. The ends of the drills, Figs. 16 and 17, 
indicate that they are not made to drill from solid stock but for 
enlarging a hole already made. 
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The following tables give standard drill sizes in various ways, each 
being very convenient for certain classes of work: 


DECIMAL EQUIVALENTS OF NOMINAL S1zES OF DRILLS 


pho ae Wen \- e| 3 
3] 48 e] 4g gs) 6 
.{o aa bol hes aA . {oO ERS 
=U Reape ey (ey ale ei lerali o atee na || era TEA nest 
B) + Jat © ° > 1.8 og ) + [on og 
SSE Ae eS te) eae a See 
80] .0135 1.2 -047244 37| .104 
79] .O145 1.3 -O5118r 20%, . 1063 
ce . 015625 ‘SS O52 36] . 1065 
4 01574 54] 055 ea 109375 
78) .o16 1.4) -O55118 is) are 
77| .018 i725 . 05905 2.8 . 11024 
ma -01968 53]. 05905 34] . II 
76| .020 6 .0625 33)eeek3s 
75| .O21 1.6 .06299 2.9 II417 
74\ .0225 52] .0635 32] .116 
02362 Hy . 066929 3 T1811 
73| .024 51} .067 9 ree 3 
72) 02 50] .07 370k 12205 
71| .026 1.8 . 070866 $ rs 4 
a7 .02756 49| .073 Be .12598 
70| .028 1.9 .0748 30) .1285 
69] .02925 48] .076 35.3 . 12992 
68] .031 Cr .O78125 3-4 . 13386 
a2 03125 47| .0785 29] .136 
8 031496 2 07874 3-5 1378 
67] .032 46] .o81 28] .1405 
66] .033 45] .082 er 140625 
65} .035 Dor 082677 3.6 14173 
9 03543 44] .086 27) .144 
64) .036 2.2 . 086614 Bay) 14567 
63] .037 43] .089 26) .147 
62] .038 2'.3 - 09055 25] .1495 
61] .039 42] .09035 3.8 14961 
I 03937 || 32 00375 24) .152 
60] .04 2.4 09448 3-9 15344 
59] -O4z 41} .096 23] .154 
58] .042 40] .098 7 15625 
57| -043 2.5 098425 22) .157 
tT 043307 39] -0995 4 15748 
56] .0465 38] . 1015 21} .I59 


DRILL SIZES IIgQ 


DecimMaL EQuiIvALENTS oF NomINAL Sizes oF Dritis, Continued 


| 
hee & = Bis 
\8| 23 1a) 2s a| 23 
a/24/8 8 g|4|3 O38  ) eo | aig 
Sa aye) ea eh hae) Bae S| ee 
4.1 .16142 i A | .234 P | .323 
4.2 -16536 || 42 -234375 || #4 328125 
Ig} .166 6 -23622 O33 
4.3 -16929 B | .238 8.5 33465 
18} .1695 6.1 -24015 8.6 -33859 
$4 171875 Cp .242 R] .339 
E71 3173 6.2 2441 H 34375 
4.4 17323 D| .246 8.8 -34046 
16] .177 6.3| © | .24803 S | .348 
4.5 17717 |}2 | | E| .25 9 -35433 
15| 18 6.4 25197 T | .358 
4.6 “1811 6.5 -25591 |184 -359375 
14| .182 F |) 257 9.2 -36221 
13| .185 6.6 25984 U | .368 
4-7 18504. G| .261 9.5 -37402 
ts -1875 6.7 -26377 || $ +375 
4.8 -18898 || 44 205625 Vi e377 
2| .189 H| .266 9.6 -37796 
-IQI 6.8 20772 9.8 38583 
4.9| ° | .1929r 6.9 .27105 W | .386 
Io| .1935 Tje.272 i 390025 
g| -196 7 -27559 10 -3937 
5 -19685 Js) -277 X | .397 
8| .199 Hick =27952 Y | .404 
5-1 «20079 K | .281 43 40625 
ari OL ay 28125 Zieeate 
44 -203125 7.2 28347 10.5 4134 
6) 3204) - .3 2874 au 421875 
5-2 -20473 L | .29 Ir -43307 
5 | -2055 7-4 -29133 || 15 -4375 
5-3 -20866 M} .295 II.5 -45276 
4 | .209 7-5 -29528 || 8a 453125 
5-4 .2120 Ad 290875 ||43 40875 
Br 213 7.6 «29922 12 -47244 
Bh 15-5 -21654 N | 302 ét -484375 
ge .21875 7.7 30374 12.5 -4921 
5-6 -22047 7.8 «30709 4 a 
Bi\- 227 7.9 +31102 
5-7 -22441 || 335 +3125 
I | .228 8. -31496 
5-8 -22835 © | .326 
5-9 +23228 8.2 32284 
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DecimaL EquivaLents or Nomrnar Sizes or Dritts, Continuca 


ary n ‘ 
2g 24 24g 
‘i £4 : £4 ad 
4| 2 oa ial 2 ge clog beer ie eg 
Fi ee Q 4 a A 4 a a 
13 -5118r || 43 -671875 || 34 84375 
it -515625 || +¢ .6875 21.5 | .84646 
$ -53125 17.5 | .689 at 859375 
i as +5315 43 +7031 25 22 .86614 
rea -540875 18 -70866 Zz 875 
I4 55118 33 «71875 22.5 | .88533 
ts -5625 18.5 | .72835 ai .890625 
14.5 | .57087 || $$ -734375 23 90551 
ét -578125 19 | .74803 || 33 .90625 
15 -59055 i “75 et -921875 
3% 59375 || #4 -705625 23-5 | .9252 
8 -609375 19.5 | -76772 || 4% -9375 
15.5 | .61024 || $3 -781.25 24 -94488 
£ -625 20 | .7874 tes +953125 
16 -62992 $4 -796875 24.5 | .9646 
4h -640625 20.5 | .8071 $3 -96875 
16.5 | .6496 43 8125 25 98425 
5h -65625 2x | .82677 || $% -984375 
17 .66929 bt 828125 I. 
Letrer Sizes or Dritrs 
Diameter Decimals Diameter Decimals 
Inches of 1 Inch ches of 1 Inch 
A 3 +234 N «302 
B -238 O 316 
Cc 242 P #4 +323 
D -246 Q 332 
E } 250 R 32 +339 
uy 257 S 348 
G -201 T # 358 
H # -266 U +368 
I 272 Vv 3 +377 
il 277 W #2 «386 
K 281 x 1.397 
L 290 ¥ $4 -404 
Mi? +295 Z 413 
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DerctmaL EQuivaLents or Dritt Sizes From 3’’ to No. 80 


Size | pauivalent || Sie | nquivalent || Size | pguivelent 
* ©. 500 3 0.213 er 0.0037 
et 0.4843 4 ©. 209 42 0.0935 
45 0.4687 5 ©. 2055 43 2,089 
pet 0.4531 6 oO >204 44 0.086 
vs 0.4375 33 ©. 2031 45 0.082 
# 0.4218 7 ©. 201 46 0.081 
0.413 8 °.199 47 0.0785 
43 ©. 4002 9 ©. 196 cre 0.0781 
Y 0.404 Io 0.1935 48 0.070 
x 0.397 II ©.19I 49 0.073 
35 ©. 3906 12 0.189 50 0.070 
W ©. 386 od 0.1875 51 0.067 
Vv 0.377 13 0.185 8A 0.0635 
3 OLS i75 14 0.182 a6 O10025) 
U 0.368 15 0.180 53 + 0.0595 
re 0.3593 16 0.177 54 0.055 
4 0.358 17 0.173 55 0.052 
S 0.348 et 0.1718 Sz 0.0468 
a ©. 3437 18 0. 1695 56 0.0465 
R 9.339 19 ©. 166 57 0.043 
Q 0.332 20 ©.161 58 0.042 
rea 0.3281 2 0.159 59 ©.041 
1% 0.323 22 0.157 60 0.040 
O 0.316 Os 0.1562 61 0.039 
ts ©.3125 23 0.154 62 0.038 
N ©. 302 24 Onis? 63 0.037 
4 0. 2968 25 0.1495 64 0.036 
M 0.205 26 0.147 65 0.035 
Ag, 0.290 27 0.144 66 0.033 
& 0.2812 a ©. 1406 ty 0.0312 
K 0.281 28 0.1405 67 ©..032 
J 0.277 20 0.136 68 0.031 
i Wye 30 ©.1285 69 0.029 
H ©. 266 t 0.125 70 0.028 
4 ©. 2656 31 0.120 71 0.026 
G ©. 201 32 0.116 72 2.025 
F 0.257 33 0.113 73 0.024 
E-i 0.250 34 O.1II 74 0.0225 
D 0.246 35 0.II0 78 0.021 
(t ©. 242 Sz 0.1093 76 0.020 
B 0. 238 36 0.1065 val, 0.018 
ya ©. 2343 37 ©. 104 ry 4 0.0156 
A 0.234" 38 0.1015 78 0.016 
I 0.228 39 0.0995 79 0.0145 
2 0.221 40 0.098 80 0.0135 
az 0.2187 AI 0.096 
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Basic THREAD DIMENSIONS AND Tap DRiLt SizEs 
AMERICAN MACHINE SCREW 


Commercial 


: Decimal 
: Outside Pitch Root Tap Drill : 

i ory Diameter | Diameter | Diameter | to Produce ch reg 

in Inches | in Inches | in Inches | Approx. 75% Tap Drill 

Full Thread ge ee 
o—80—F 0.0600 0.0519 0.0438 & 0.0469 
I-56 0.0730 0.0614 0.0498 54 0.0550 
64-C 0.0730 0.0629 0.0527 53 0.0595 
72—-F 0.0730 0.0640 0.0550 53 0.0595 
2-56-C 0.0860 0.0744 0.0628 50 0.0700 
64-F 0.0860 0.0759 0.0657 50 0.0700 
3-48-C 0.0990 0.0855 0.0719 47 0.0785 
56- 0.0990 0.0874 0.0758 45 0.0820 
4-32 0.1120 0.0917 0.0714 45 0.0820 
36 0.1120 0.0940 0.0759 44 0.0860 
40—C 0.1120 0.0958 0.0795 43 0.0890 
48-F 0.1120 0.0085 0.0849 42 0.09035 
5-360 0.1250 0.1078 0.0889 40 0.0980 
40-C 0.1250 0.1088 0.0025 38 0.1015 
44-F 0.1250 0.1102 0.0955 37 0.1040 
6-32-C, | «0.1380 0.1177 0.0974 36 0.1065 
36 0.1380 0.1200 0.1019 34 0.I1IO 
40-F 0.1380 0.1218 0.1055 33 0.1130 
7-30 0.1510 0.1204 0.1077 aot 0.1200 
32 0.1510 0.1307 0.1104 31 0.1200 
36 0.1510 0.1330 0.1149 0.1250 
8-30 0.1640 0.1423 0.1207 30 0.1285 
32-C 0.1640 0.1437 0.1234 29 0.1360 
36-F 0.1640 0.1460 0.1279 29 0.1360 
40 0.1640 0.1478 0.1315 28 0.1405 
9-24 0.1770 0.14990 0.1229 29 0.1360 
30 0.1770 0.1553 0.1337 27 0.1440 
32 0.1770 0.1567 0.1364 26 0.1470 
10—24-C 0.1900 0.1629 0.1359 25 0.1495 
28 0.1900 0.1668 0.1436 23 0.1540 
30 0.1900 0.1684 0.1467 22 0.1570 
32-F 0.1900 0.1607 0.1494 21 0.1590 
12—24-C 0.2160 0.1889 0.1619 16 0.1770 
28— 0.2160 0.1928 0.1696 14 0.1820 
32 0.2160 0.1957 0.1754 13 0.1850 


‘C = coarse-thread standard. F = fine-thread standard. 


Basic THREAD DIMENSIONS AND TAP Dritt SIZES 
AMERICAN COARSE THREAD 


Commercial . 

Nominal | Outside | _ Pitch Root Tap Drill | Pecimal 
ee, Dees acca i 2 ais ne TOC tent of 
in Inches | in Inches | in Inches PPTOX. 75 % ‘ 
Full Thread | 74? Drill 

ts-64 0.0625 0.0524 0.0422 & 0.0469 
72 0.0625 0.0535 0.0445 & 0.0469 
¢i-60 0.0781 0.0673 0.0563 ts _. 0.0625 
72 0.0781 0.0691 0.0601 52 “0.0635 
41-48 0.0938 0.0803 0.0667 49 0.0730 
50 0.0938 0.0808 0.0678 49 0.0730 
48 0.10904 0.0959 0.0823 43 0.0890 
4-32 0.1250 0.1047 0.0844 ar 0.0937 
40 0.1250 0.1088 0.0925 38 0.1015 
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Basic TuoreapD DIMENSIONS AND Tap Dritx SizEs, Continued 
AMERICAN COARSE THREAD 


Commercial F 
Netinal Outside Pitch Root Tap Drill a a 
Stee Diameter | Diameter | Diameter | to Produce Rout 46 
in Inches | in Inches | in Inches | Approx. 75% Tap Drill 

Full Thread sd 

ei-40- 0.1406 0.1244 0. 108r 32 0.1160 
$7-32 0.1563 0.1360 0.1157 t 0.1250 
36 0.1563 0.1382 0.1202 30 0.1285 
44-32 0.17190 0.1505 0.1313 er 0.1406 
fe-24 0.1875 0.1604 0.1334 26 0.1470 
32 0.1875 0.1672 0.14690 22 0.1570 
43-24 0.2031 0.1760 0.1490 20 0.1610 
3-24 0.2188 0.1919 0.1646 16 0.1770 
32 0.2188 0.1085 0.1782 12 0, 1890 
4-24 0.2344 0.2073 0.1806 10 0.19035 
4-20 0.2500 0.2175 0.1850 7 0.2010 
24 0.2500 0.2220 0.1959 4 0.2090 

27 0.2500 0.2260 0.2019 3 0.2130 

28 0.2500 0.2268 0.2036 3 0.2130 

32 0.2500 0.2207 0.2004 a 0.2187 
fy-18 0.3125 0.2764 0.2403 F 0.2570 
20 0.3125 0.2800 0.2476 re 0.2656 
24 0.3125 0.2854 0.2584 I 0.2720 

27 0.3125 0.2884 0.2644 J 0.2770 
ae] 0.3125 0.2022 0.2719 tr 0.2812 
§-16 0.3750 0.3344 0.2938 ts 0.3125 
20 0.3750 0.3425 0.3100 a 0.3281 
24 0.3750 0.3479 0.3209 Q 0.3320 

27 0.3750 0.3509 0.3269 R 0.3390 
Te-14 0.4375 0.3011 0.3447 U 0.3680 
20 0.4375 0.4050 0.3726 eB 0.3906 

24 0.4375 0.4104 0.3834 x 0.3970 

27 0.4375 0.4134 0.3804 Ms 0. 4040 
4-12 0.5000 0.4459 0.3918 H 0.4219 
13 0.5000 0.4501 0.4001 i 0.4219 

20 0.5000 0.4675 0.4351 4 0.4531 

24 0.5000 0.4729 0.4459 at 0.4531 

27 0.5000 0.4759 0.4519 By 0.4687 
fs-12 0.5625 0.5084 0.4542 ra 0.4844 
18 0.5625 0.5264 0.4003 # 0.5150 

27 0.5625 0.5384 0.5144 4h 0.5312 
f-11 0.6250 0.5660 0.5069 yy 0.5312 
12 0.6250 0.5709 0.5168 t 0.5469 

18 0.6250 0.58890 0.5528 0.5781 

27 0.6250 0.6009 0.5769 it 0.5937 
4-11 0.6875 0.6285 0.5604 0.5937 
16 0.6875 0.6469 0.6063 0.6250 
j-10 0.7500 0.6850 0.6201 0.6562 
12 0.7500 0.6959 0.6418 0.6719 

16 0.7500 0.7004. 0.6688 0.6875 

27 0.7500 0.7259 0.7019 0.7187 
4-10 0.8125 0.7476 0.6826 0.7187 
qj-9 0.8750 0.8029 0.7307 0.7656 
12 0.8750 0.8200 0.7668 0.7969 

14 0.8750 0.8286 0.7822 0.8125 

18 0.8750 0.83890 0.8028 i 0.8281 

27 0.8750 0.8509 0, 8269 0.8437 
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TAP DRILLS 


A very simple rule, which is good enough in many cases, is: 

Subtract the pitch of one thread from the diameter of the tap. 

A 3-inch tap 16-thread would be 3 minus 75 = 7 drill; a -incl 
tap, 1o-thread, would be ? minus 7 = 745 — q%s or 0.75 — 0.10 = 
vip or 0.65, or a little over $ of an inch, so a 3-inch drill will dc 
nicely. With a 1-inch tap we have 1 — § = #-inch drill, which i 
a little large but leaves enough thread for most cases. 

A tap should be between 0.002 and 0.003 inch large for clearanc 
between top and bottom of threads. 


DIMENSIONS FOR Twist DRILLS 


FOR HOLES TO BE THREADED WITH AMERICAN THREAD 
‘TAPS 7's to 44 INCH DIAMETER 


Nolet Exact ies Exact 


bebhit pe sam. | No. of : 
Diam- | threads [Diameter] Goes, || Diam- | thretds [Diameter] Gare, 
Inches Tach ee Drill Inches ack hres Drill 
ds 60 -O41 57 7 26 +200 6 
ts 64 042 56 BE 56 2055 53 
BP 48 .067 5° er 60 .056 53 
oy 50 .068 50 B4 40 -077 46 
32 56 -O71 49 BE 44 .080 45 
es 60 .072 48 st 48 .082 44 
4 40 093 41 er 32 -I00 38 
Pa 44 096 40 ez 36 +105 36 
$ 48 098 39 BE 40 -108 34 
vz 32 -116 31 44 32 Bache 29 
es 36 .120 31 at 36 136 28 
vy 40 .124 30 ai 40 +139 28 
5t 24 +133 29 et 24 -149 24 
aa 28 +141 27 34 28 a 74 2I 
5 30 -144 26 44 32 -162 19 
35 32 147 25 42 36 167 18 
7 36 152 23 43 24 .180 13 
as 24 -164 19 43 28 .188 Io 
3 28 172 16 43 32 +194 8 
32 178 14 et 36 +198 7 
35 36 183 12 u 18 +193 9 
4 18 .178 14 4 20 +201 5 
PY 20 185 12 44 24 -211 3 
4 22 190 Io ai 26 216 2 
4 24 196 8 ag 32 225 I 
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Dritts AND REAMERS FOR Dower Prxs 


SizesorRop (|Dsmis AND REAMERS FOR DRIv= Frrs'Dams For CLearance 


Sz of Dia. of 
Dail i 


} 
Drill Reamer | Dall 
; 
O52 | No.s4 | 255 
2785 a 2si 
1065 ~_-110 1-33 of 3 
-I20 125 YY wae 2385 
152 135 ‘ree a3s7 
135 189 bo ser <t Beeer 
Cc : 242 <250 —.2505 | ae 257 
ts fone | 307 3125-313 | Oo 316 
| -366 <375 —37S5} i aes pen 


427 4375-438 | 
-489 500 —.5005 | 
616 ~625 —.6255} 
-734 GD) -75° —7505 | 
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DRILL END LENGTHS 
Tr is often necessary in designing to allow for 


drilling to a certain 


depth so as to give the thickness of metal A necessary at the bottom 


of the hole to withstand pressure. 
The table gives the dimension C for usual siz 


es of drills. This is 


deducted from B to give the actual thickness of metal at A. 


Dritt Enp LENGTHS 


a || s g ||. F 
oO 0 if oh 
ae |) 5 Ag a at 
Fe ag || 2] os Sell 2} s EE: 
A SVM Ye | Pk fica) GE | Oslo 1a i Ome 
2 0.60086| # I lo.2280|0.06850| #& 41 |0.0960]0.02884] oy 
1#§ [0.58208] 2 10.2210|0.06640| #& 42 10.0935|0.02800| dr 
I} J0.56331] is 3 |0.2130|0.06400] ye }| 43 |o.0800]0.02674| a 
1# Jo.54453| # 4 |0.2000/0.06279| ze 44 |0.0860]0.02584| ar 
I} |0.52576)— $F 5 |0.2055|0.06174| te 45 |0.0820]0.02464| ¢z 
1} ]o.50608 FY 6 |o.2040|0.06120| zs || 46 |o.0810]0.02433| a 
I $ jo.48820] #%# 7 |0.2010]0.06039| zs 47 |0.0785|0.02858] ay 
ts ]0.460942| 44 8 jo. 1990]0.05979| zs || 48 |0.0760/0.02283] ay 
I 4 ]0.45005| # 9 10.1060]0.05888| ze 49 |0.0730|0.02103| ay 
Ix |0.43187| x IO |0.1935|0.05813] ze 50 |0.0700|0.02103| ay 
I % ]o.41300| %% II |o.1910|0.05738] ze 51 |0.0670|0.02013| ay 
175 |0.39431 B I2 |o.1890]0.05678] zs 52 |0.0635|0.01908| 
L % 0.37554 s || 13 Jo.1850]o.05558] ye || 53 |o.0505|0.01788] dx 
1x5 |0.35676] 3 || 14 |o.1820]0.05468] ys || 54 |o.0550|0.01652] & 
I’ 4 ]o.33798| I5 |0.1800]0.05408] ys 55 ]0.0520|0.01562| 
t?s |0.31031 ts 16 10.1770]0.05318| ys 56 |0.0465/0.01307| # 
I 0.30046 ti I7 |0.1730]0.05197] zs 57 |0.0430|0.01202| # 
M4 jo. 20104 18 ]0.1605|0.05002| & 58 |0.0420|0.01262] & 
2% |o.28165| oy I9 |o.1660]0.04987| 59 |0.0410|0.01232] & 
# |0.27226| 20 |0.1610]0.04837| & 60 |0.0400]0.01202] & 
fk |o.26288| 24 2I 10.1590]0.04777| ¢& 6r |o.0390]0.01172| & 
#i 0.25340 7 22 10.1570/0.04717| 4 62 |o.0380|0.01142] & 
3% |o.24410 3 || 23 Jo.1540]0.04627| & 63 |0.0370|0.01112] & 
45 |0.23471| 3 24 |0.1520/0.04567| & 64 |0.0360]0.01082] ¢& 
2 10.22532| a 25 |0.1495|0.04401| & 65 |0.0350]0.01052| ¢& 
43 |o.21503 " 26 |0.1470]0.04416| & 66 |0.0330/0.00001| & 
44 |0.20655 27 |0.1440]0.04326) yy 67 |0.0320]0.009061| ¢& 
# jo.19716| + 28 |o.1405|0.04221| & 68 |0.0310/0.00031|] & 
$ |0.18777| + 29 |0.1360/0.04086] & 69 |0.0293]0.00870] & 
33 10.17838] 2 30 |0.1285]0.03861| & 70 10.0280]0.00841| & 
zs |0.16900] 31 [0.1200]0,03605| 71 |0.0260]0.00781| g& 
44 lo.15960| & 32 |0.1160]0.03485 ay 72 |0.0250/0.00751| & 
3 |0.15022| wy || 33 ]0.1130]0.03395| yy || 73 |0.0240/0.00721) & | 
4§ Jo.14083| & 34 |0.1110/0.03335 ay 74 |0.0225|0.00676| & 
qe {0.13144 4 35 |0,I100/0.03305| yy 75 |0.0210]0.00631) @& 
#4 Jo.12205 4 || 36 Jo.1065]0.03200] a; || 76 ]o.0200]0.00601| x | 
$ ]o.11266) & 37 |0.1040]0.03124 ay 77 |0.0180/0.00541] & 
#4 J0.10327) & 38 Jo. 1015]0.03049 dy 78 |jo.0r160/0.00481] ., 
qs ]0.090388] 3 39 |0.0995]0.02980| ay 79 10.0145|0.00436] ..'| 
# [0.08450] 3 || 40 |o.0080j0.02044) 4 |] 80 |o.0135]0.00406] .. | 
4 jo.o7511]) & | 
vy |0.06572| dy 
- 0.05633 ¥ ; 
0.04042 y 60086 Diam. 
0.0375: MDL ff Gis Hi} 
eo ee d 2 WA 
vs jo.01878) CORSA, 
dy |0.00030| & « . 
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SPEED AND FEED TABLES FOR DRILLING MACHINES 


In the use of modern high-speed drills, unless the operator is 
given definite instructions or provided with tables, the speeds and 
feeds are likely to be much less than the tools are capable of stand- 
ing. Good high-speed drills will stand being forced far beyond what 
appears reasonable to the uninformed operator. 

Two speed and feed tables are shown herewith. Table 1 is 
merely a copy of the drilling specifications supplied for use in con- 
nection with a certain gear-driven machine, while Table 2 is 
made to correspond with the range of speeds and feeds of an older 
machine of the belt-driven type. 


TABLE 1—DRILL SPEEDS AND FEEDS FOR GEAR-DRIVEN MACHINES 


Speed in R.p.m. 
Size, Drill ee SPE oe US De ee 7 
in Inches Feed 


Steel Cast Iron 
3 458 610 0.007 
3 366 459 O.O11 
. 305 383 0.011 
¢ 262 328 0.015 
I 229 287 0.015 
1% 204 255 0.015 
Iz 183 229 0.015 
14 153 I9I 0.015 
12 127 164 0.015 
2 104 143 0.015 
at 89 118 0,015 
24 76 106 0.025 
22 68 95 0.025 
3 60 84 0.025 
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TABLE 2.—DRILL SPEEDS AND FEEDS FOR BELT-DrRIven MACHINES 


Size Drill in Inches 


Gear Speed Ram, [Set nae a ee ee: 
Steel Cast Iron 
Low.... iid 
Back Gear In Second . 25 
Third... 40 
High... 58 24 0.023 
Low.... 80 1% 2 
—2i — 2a OZOT ii 
Second.| 130 1; : tt 
; —12 =o 0.017 
Back Gear Out {i third), piniagom Neg 1 
Ts —1735 | 0.010 
High... «310 and Te and 
under under 0.010 


A CUTTING COMPOUND FOR DRILLING HARD SPOTS 
IN STEEL 


An old-time compound for use in drilling hard steel has proved 
successful in electric welds in 5 per cent nickel steel, after turpen- 
tine and other compounds had failed. The compound is 


1 part powdered sulphur 
I part cylinder oil 
2 parts castor oil | 


STANDARD TAP DIMENSIONS 


STANDARD TAP SIZES 


The following tables show the sizes agreed upon by most tap 
nanufacturers and may be considered as standards of 1925. 


Basic THREAD DIMENSIONS AND Tap Dri S1zEs 


AMERICAN COARSE THREAD 


Commercial . 
Samia” | Outside Pitch Root Tap Drill Dect 
veyed Diameter | Diameter | Diameter | to Produce ia ‘4 ra 
AES, in Inches | in Inches | in Inches | Approx. 75% T oe Dr iN 
Full Thread | ~?P ~™ 
t- 9 0.9375 0.8654 0.7932 bt 0.8281 
ri -8 1.0000 0.9188 0.8376 I 0.8750 
12 1.0000 0.9459 0.89018 oy 0.9219 
I4 1.0000 0.9536 0.9072 t 0.09375 
27 1.0000 0.0759 0.9519 , 0.0087 
I¢-7 1.1250 1.0322 0.9304 4 0.0844 
12 1.1250 I.0709 1.0168 barra I.0469 
wh = '7 I, 2500 ©1572 1.0644 if 1.1094 
12 I. 2500 1.1959 1.1418 I 1.1719 
1} -6 1.3750 1.2668 1.1585 I 1.2187 
12 1.3750 1.3209 1.2668 I 1.2969 
tt —6 1.5000 1.3917 1.2835 I 1.3437 
12 I, 5000 1.4459 I.39018 I I.42T9 
| —54 1.6250 I.5070 1.3888 I I.4531 
li - 5 1.7500 1.6201 1.4902 Iz 1.5625 
wze- 5 1.8750 1.7451 1.0152 rt 1.6875 
2 — 4h 2.0000 1.8557 Ta tts. H 1.7812 
2k -— 4h 2.1250 1.9807 1.8363 I 1.9062 
2k — 4h 2.2500 2.1057 1.9613 2 dy 2.0312 
24-4 2.3750 2.2126 2.0502 at 2.1250 
2-4 2.5000 2.3370 2.1752 2 2.2500 
2-4 2.7500 2.5876 2.4252 24 2.5000 
3.1 '3 3.0000 2.8145 2.6288 ait 2.7187 
33 - 3 3.2500 3.0045 2.8788 2 2.9687 
hrs 13 3.5000 3.3002 3.1003 3 %0 3.1875 
KY ar] 3.7500 3.5335 3.3170 af 3.4375 
40 3 4.0000 3.7835 3.5670 3 3.0875 
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DIMENSIONS OF STANDARD Hanp Taps 


Formula: Diameter of shank = O. D. of tap — (Std. V pitch X 1.6) 
Size of square = diameter of shank X 0.75 
(Dimensions in Inches) 


© =O 
Sn 


Diam. of Tap 
Diam. of Shank 
Cc 
Size of Square 
1) 


. 1897 
. 2015 
. 2132 
. 2249 
- 2366 
. 2483 
- 2001 
2718 
- 2839 
- 2956 
- 3074 


HHHHHHHHHHH 
iS} 
fo 
eoo0og0o000090 
w 
Ww 
H 
H 
ooo000000000 


a 


. 2062 
-2179 
. 2296 
. 2414 
. 2424 
- 2541 
. 2058 
+2775 
-2750 
. 2867 
- 2084 
-3I01 
. 3210 
- 3336 
+3453 
-3570 
-3597 
-3714 
- 3831 
- 4066 
- 4300 
-4425 
-4059 
- 4804 
5128 
- 5230 
5404 
. 50908 
+5932 
-6000 
-6234 
-6469 
-6724 
6958 
. 7192 
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For tolerance, see page 121. 


Diam. of Shank 
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Size of Square 
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‘(OMMERCIAL TOLERANCES FOR HAnpD Taps AND PULLEY Taps 


AMERICAN COARSE THREAD STANDARD 


(Dimensions in Inches) 


Tap Measurements 


Basic 
Outside, Diameter Pitch Diameter 
Size , ™~ 

pes Pitch | Mini- | Maxi- | Toler- | Mini- | Maxi-| Toler- 

Diam Diam.| mum | mum | ance | mum | mum | ance 

4 +20 0. 2500/0. 2175|0. 2510/0. 2535/0.0025]0. 2180|0.2200]0.0020 
~s-18 0.3125]0.2764|0.3135]9.3160/0.0025|0.2769|0.2780|0.0020 
3 —16 0.3750|9.3344]0.3760/0.3785|0.0025]0.3349|0.3350|0.0020 
qe-14 0.4375/0.3911|0.4385]0.4415/0.0030/0, 3916]0.3041|0.0025 
$°+13 0.50000. 4500]0. 5010/0. 5040/0. 0030/0. 4505]0. 4530|0.0025 
Ps—-12 0.562510. 5084/0. 5635/0. 5605/0. 0030]0. 5080]0. 5114]0.0025 
S110 0.62500. 5660]0.6260]0.6290]0.0030]0.5665]0. 5690]0.0025 
$ —I0 0,7500|0.6850]0. 7510/0. 755010.0040]0.6855]/0.688510.0030 
$-9 0.8750]0.8028]0.8760]0. 8800/0. 0040]0. 8033]0. 8063]0.0030 
I -8 L.0000]0,9188]1.00TO}I.0050]0. 0040/0. 9193]/0.9223/0.0030 
IZ -—\7 T.1250/1.0322/1.1265/1.1310/0.0045]1.0327/1.0362]0.0035 
It — 7 I.2500|1.1572|1.2515|/1.2560]/0.0045|1.1577|1.1612/0.0035 
1% — 6 1. 3750/1. 2668/1.3765]1.3810/0.0045|1.2673]1.2708]0.0035 
1} ‘- 6 I.5000/1. 3017/1. 5015}. 5060/0.0045]1.3922/1.3957|0.0035 
1% — 5} 1.6250/1. 5069/1 .6265|1.6320]/0.0055|1.5079|I.5119/0.0040 
Ti -— 5 I. 7500/1.6201/1.7515]/1.7570]0. 0055/1. 6211/1.6251]/0.0040 
Tq ='5. I.8750/1.7451|1.8765|1.8820|0.0055|1.7461|I.7501/0.0040 
2° = "4t 2.0000|1.8557|2.0015]2.0070|0.0055|1.8567|1.8607/0.0040 
2k -— 44 2.1250|1.9807|2.1270]2.1330/0.0060]1.9817|1.9862/0.0045 
2k — 43 2.2500|2.1057|2.2520|2.2580/0.0060]2. 1067/2. 1112]0.0045 
2%#-—4 2.3750|2.2126|2.3770|2.3830]0.0060]2. 2136/2. 2181]0.0045 
2k-—4 2.5000|2.3376|2.5020/2.5080|0.0060|2.3386]2.3431/0.0045 
28-4 2.6250|2.4626|2.6270]2.6340/0.0070]2.4636|2.4686/0.0050 
23 -—4 2.7500|2.5876|2.7520|2.7590|0.0070|2.5886]2.5936/0.0050 
2i — 3} 2.8750|2.6894|2.8770|2.8840|0.0070|2.6904]2.6054/0.0050 
3. - 34 3.0000}2.8144]3.0020]3.0090|0.0070|2.8154]2.8204}0.0050 


Lead Tolerance 


A maximum lead error of plus or minus 0.003 inch in 1 inch of thread is 
rmitted. 


TOLERANCES FOR ALL HAND Taps 


ngth overall, + to 17; inch inclusive....... Plus or minus ¢y inch 

sngth overall, 17 to 4 inches inclusive...... Plus or minus yg inch 

angth of dhirea decor rrerc. Sor oe Plus or minus # inch $ 
iameter of shank to 1 inch inclusive........ Size to size minus 0.005 inch 
iameter of shank 1 #y to 2 inches inclusive... Size to size minus 0,007 inch 
iameter of shank over 2 inches............ Size to size minus 0.009 inch 
ze of square, 4} inchand smaller............ Size to size minus 0.004 inch 
ze of square, 3% to 1 inch inclusive. . Size to size minus 0.006 inch 
ze of square, I #; to 2 inches inclusive...... Size to size minus 0.008 inch 


ze of square, 27 to 4 inches inclusive...... Size to size minus 0,010 inch 
' 


132 STANDARD TAP DIMENSIONS 


COMMERCIAL TOLERANCES FOR HAND Taps AND Taps ror B. & § 
HoLpER 


AMERICAN FINE THREAD STANDARD 
(Dimensions in Inches) 


Tap Measurements 


Basic 
Size Outside Diameter Pitch Diameter 
Out | Pitch | Mini- | Maxi- | Toler- | Mini- | Maxi- | Toler. 
Di Diam. | mum | mum ance mum | mum ance 
1am 
4-28] 0.2500] 0.2268] 0.2510] 0.2535| 0.0025] 0.2273] 0.2288] 0.001 
te-24| 0.3125] 0.2854] 0.3135] 0.3160] 0.0025] 0.2850] 0.2874] 0.004 
#-24] 0.3750] 0.3470] 0.3760] 0.3785] 0.0025] 0.3484] 0.3490] 0.001 
Ye-20| 0.4375] 9.4050] 0.4385] 0.4415] 0.0030] 0.4055] 0.4075] 0.002 
}-20] 0.5000] 0.4675] 0.5010] 0.5040] 0.0030] 0.4680] 0.4700] 0.002 
Yor-18| 0.5625] 0.5264] 0.5635] 0.5665] 0.0030] 0.5260] 0.5280] 0.002 
8 0.6250] 0.5889] 0.6260] 0.6290] 0.0030] 0.5804] 0.5014] 0.002 
—16] 0.6875] 0.6460] 0.6885] 0.6025] 0.0040] 0.6474] 0.6490] 0.002 
ey 0.7500] 0.7094] 0.7510] 0.7550] 0.0040] 0.7000] 0.7124] 0.002 
—14] 0.8750] 0.8286] 0.8760] 0.8800] 0.0040] 0.82901] 0.8316] 0.002 
F-18] 0.8750] 0.8380] 0.8760] 0.8800] 0.0040] 0.8394] 0.8410] 0.002 
I-14] £.0000] 0.9536] 1.0010] 1.0050] 0.0040] 0.0541] 0.0566] 0.002 
I ws 1.1250] 1.0700] 1.1265] 1.1310] 0.0045] 1.0714] 1.0744] 0.003 
I }-12] 1.2500] £.1050] 1.2515] 1.2560] 0.0045] 1.1064] 1.1904] 0.003 
I Bie 1.3750] 1.3200] 1.3765] ©.3810] 0.0045] 1.3214] 1.3244] 0.003 
I 4-12] 1.5000] 1.4450] ©.5015] £.5060] 0.0045] 1.4464] 1.4494] 0.003 


*Taps OVER 1} INCHES witH 10 OR More THREADS PER INCI 
(Dimensions in Inches) 


Tap Measurements 


Outside Diameter Pitch Diameter 

Size pemeees SESE Oe ES 
Min. =|Max, = Min. =|Max. = 

Basic | Basic CS deed Basic | Basic. Toler. 

Plug | Plus | 9"°° | Plus | Plus | ®@ce 


3 inches inclusive | 0,0015] 0.0060] 0.0045] 0.0005] 0.0040] 0.003 


rf to 2 inches inclusive | 0.0015] 0.0060] 0.0045] 0.0005] 0.0035 0,003 
to 
3 to 4 inches inclusive | 06,0015} 0.0070] 0,0055] 0.0005} 0.0050} 0.004 


* For taps over 14 inches with less than ro threads per inch use tolerang® 
for American Coarse Thread Taps. 


Lead Tolerance 
A maximum lead error of plus or minus .003 inch in t inch of thread) 
permitted. 
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STANDARD Dimensions or Nur Tarps 


No. of Threads Length of Thread 


7 Diam. Size of ; Length 
Dinee of per Inch of Shank] Square in Inches Overall 
Inches Baek Ss Tish S I oti 
Coarse Fine te bs Coarse Fine EROS 
vy Re 7 oO. 133 ©. 100 a ee a 
2 2 0.185 0.439. I I 
é a 24 0.240 0.180 r4+t a Pu 
I 24 0.204 0.220 2 a 
Ud 4 20 0.345 9.259 at 2 ne 
20 0.400 .30 2 I 
i 12 18 0.450 | 0.337 2} 2 74 
< II 18 0.503 | 0.377 3 2t 8 
Ir 16 0.505 0.424 3 a} 8} 
4 ro Fat ovabepal wyiacan hewet fe 3} 
-079 : 3 
4 ) 14,18} 0.727 | 0.545 3 24 10 
9 0.780 | 0.502 3 104 
1 8 14 0.834 0,625 4 3 It 
1} 7 12 0.933 0.700 4 3h 11} 
I 1 12 1.058 0.793 4t 3h 12 
I 6 12 1.153 0.865 5 4 12} 
I 6 12 1.278 0.958 5 4 13 
: st 1-383 oe 5 zat 
1.484 -ID3 
eo i600 | iz07 | zy 
1.70 ; r 
2t at 1.828 L.gvr 6 15} 
2 44 1.953 1.405 6 16 
44 4 2.042 1.531 6t 16} 
2 4 2,107 1.625 6f 17 
* Por 32 threads per inch. 
TOLERANCES 
Diam. 
of Jap Shank Square 
Inches 


3 | Size to size minus 0.005 inches | Size to size minus 0.004 inches 

I | Size to size minus 0.006 inches | Size to size minus 0.006 inches 

it —2 | Size to size minus 0.008 inches | Size to size minus 0,008 inches 
—2} | Size to size minus 0.010 inches | Size to size minus 0.010 inches 


: FORMULAE 
Diam. of Tap » 
cadnohes Diam. of Shank 
v- 3 ie American basic root diam. 
—I American basic root diam. minus 0.004 inches 
I American basic root diam, minus 0.006 inches 
—2h American basic root diam. minus 0.008 inches 


i Size square = Diam. of shank X 0.75 


134 STANDARD TAP DIMENSIONS 


STANDARD DIMENSIONS OF TAPPER TAPS 


0 Ci 


No. of Threads F Length of Thread | 

i Diameter F Length 

gan pps tach of Shank i nisin a Overall 
Inches in Inches in 

Coarse Fine Coarse Fine Inches 

+ 20 28 0.185 1% rk 12 & 15 

ys 18 24 0.240 riz 1} 12 &15 

i 16 24 0.204 2 rh 12 & 15 

¥ 14 20 0.345 2} 1% | 1215 

2 13 20 0.400 ah ru 12 & 15 

ts 12 18 0.450 2h rt 12 & 18 

i at 18 0.503 22 1} 12 & 15 

it a 16 0.565 24 1} 12 & 18 

‘ HO. 16 0.616 2% 2 12 & 15 

i ae 0.679 2% 12 & 15 

3 9 14, 18 0.727 g 2 12 &15 

i6 9 0.789 3 12 & 15 

“ 8 14 0.834 34 25 12 & 15 
I} 7 12 0.933 33 2g 15 
1t 7 12 1.058 34 28 Is 
1% 6 12 1.153 A 3 Is 
13 6 12 1.278 4 3 Is 
tf 52 1.383 4 Is 
It 5 1.484 43 15 
Ig 5 1.609 4h Is 
2 43 1.705 4h 1s 

TOLERANCES 


Diam. of shank 4 to }# inch inclusive = Size to size minus 0.005 incl 
Diam. of shank 3% to 1 inch inclusive = Size to size minus 0.006 incl 
Diam. of shank 1} to 2 inches inclusive = Size to size minus 0.008 incl 


ForMULAE | 

Sizes }# to % inch inclusive diam. of shank = American basic root diam 
Sizes 3% to I inch inclusive diam. of shank = American basic root diam 
minus 0.004 incl 

Sizes 14 to 2 inches inclusive diameter of shank = American basic root diam 
minus 0.006 inc] 


WNHHNNYHNKNHHHHHHHH 


TOLERANCES 


ComMERCIAL TOLERANCES FOR Nut AND TAPPER TAPS 


AMERICAN COARSE THREAD STANDARD 


(Dimensions in Inches) 


135 


Tap Measurements 


Basic 
Outside Diameter 

Size 

Out | Pitch | Mini- | Maxi- | Toler- 
Diam: Diam. | mum mum ance 

4 —20 | 0.2500] 0.2175] 0.2520] 0.2550] 0.0030 
ye-18 | 0.3125] 0.2764] 0.3145] 0.3175] 0.0030 
4-16 | 0.3750] 0.3344] 0.3770] 0.3800] 0.0030 
Fe-14 | 0.4375] 0.3911] 0.4395] 0.4435] 0.0040 
4 —13 | 0.5000] 0.4500} 0,5020] 0.5060] 0.0040 
fs-12 | 0.5625} 0.5084] 0.5650] 0.56090] 0.0040 
= —Ir | 0.6250] 0.5660} 0.6275] 0.6315] 0.0040 
# —10 | 0.7500] 0.6850] 0.7525] 0.7570] 0.0045 
$— 9 | 0.8750] 0.8028] 0.8775] 0.8820} 0.0045 
— 8 | ©.0000] 0.9188] 1.0025] 1.0070] 0.0045 
4 — 7 | 1.1250] 1.0322] 1.1280] 1.1330] 0.0050 
4 — 7 | £.2500] £.1572| 1:-2530| 1.2580] 0.0050 
4 — 6 | 1.3750] 1.2668] 1.3780] 1.3830] 0.0050 
4 — 6 | 1.5000} 1.3917] I.5030} 1.5080] 0.0050 
% — 53] 1.6250] 1.5069] 1.6280] 1.6340] 0.0060 
*— 5 | I.7500] 1.6201] 1.7530] 1.7590] 0.0060 
*— 5 | 1.8750] 1.7451] 1.8780] 1.8840} 0.0060 
— 43] 2.0000] 1.8557] 2.0030] 2.0090] 0.0060 
& — 43] 2.1250] 1.9807] 2.120900] 2.1360] 0.0070 
4 — 43] 2.2500] 2.1057] 2.2540] 2.2610] 0.0070 
= — 4 | 2.3750] 2.2126] 2.3790| 2.3860] 0.0070 
% — 4 | 2.5000] 2.3376] 2.5040] 2.5110] 0.0070 
% — 4 | 2.6250] 2.4626] 2.6290] 2.6370] 0.0080 
2 — 4} 2.7500] 2.5876] 2.7540] 2.7620] 0.0080 
$ — 33] 2.8750] 2.6804] 2.8790] 2.8870] 0.0080 
— 334] 3.0000] 2.8144] 3.0040] 3.0120] 0.0080 


Lead Tolerance 


Pitch Diameter 


Mini- 
mum 


NNONNNNNHHHHHHHHHOODOOOCOOOOO 


. 2190 
-2779 
+3359 
-3926 
-4515 
- 5104 
. 5680 
.6870 
- 8048 
9208 
-0347 
+1597 
. 2693 
- 3942 
- 5094 
6226 
- 7476 
-8582 
+9837 
. 1087 
. 2156 
«3406 
+4056 
- 5906 
-6024 
8174 


Maxi- 
mum 


NNONNNNNHHHHHHHHHOODOCOOOCOO 


-22T5|0. 
.2804)0. 
- 33840. 
-3950]0. 
-4545]0. 
. 5134/0. 
-5710|0. 
.6905]0. 
-8083]0. 
.9243]/0. 
.0387]0. 
.1637]0. 
.2733)|0. 
- 3982/0. 
. 5130/0. 
627110. 
- 7521/0. 
-8627]0. 
988710. 
.1137|0. 
.2206]0. 
-3450]0. 
-4711)0. 
- 5961/0. 
-6979]0. 
-8220]0. 


Toler 
ance 


0025 
0025 
0025 
0030 
0030 
0030 
0030 
0035 
0035 
0035 
0040 
0040 
0040 
0040 
0045 
0045 
0045 
0045 
0050 
0050 
0050 
0050 
0055 
0055 
0055 
0055 


A maximum lead error of plus or minus 0.003 inch in I inch of thread is 


permitted. 


Taps with pitch coarser than American Fine Standard will take Coarse 
Those with finer pitch take Fine Standard tolerances. 


Standard tolerances. 
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COMMERCIAL TOLERANCES FOR Nut AND TAPPER TAPS 
AMERICAN FINE THREAD STANDARD 
(Dimensions in Inches) 


Tap Measurements 


Basic 
Outside Diameter Pitch Diameter 
Size 
Outside} Pitch | Mini- | Maxi- | Toler- | Mini- | Maxi- | Toler- 
Diam. | Diam. | mum | mum ance mum | mum ance 
4 —28] 0.2500] 0.2268] 0.2510] 0.2535] 0.0025| 0.2273} 0.2288] 0.0015 
#s—24| 0.3125] 0.2854] 0.3135] 0.3160] 0.0025] 0.2850] 0.2874] 0.0015 
¢ —24| 0.3750] 0.3479] 0.3760] 0.3785] 0.0025| 0.3484] 0.3409] 0.0015 
Ze—-20| 0.4375] 9.4050] 0.4385] 0.4415] 0.0030] 0.4055] 0.4075] 0.0020. 
} —20] 0.5000] 0.4675] 0.5010] 0.5040] 0.0030] 0.4680] 0.4700] 0.0020 
ys—-18] 0.5625] 0.5264] 0.5635] 0.5665] 0.0030] 0.52609] 0.5280] 0.0020 
§ -18] 0.6250] 0.5889] 0.6260] 0.6290] 0.0030] 0.5804] 0.5914] 0.0020 
4-16] 0.6875] 0.6460] 0.6885] 0.6925] 0.0040] 0.6474] 0.64909] 0.0025 
% -16| 0.7500| 0.7094] 0.7510] 0.7550] 0.0040] 0.7090] 0.7124] 0.0025 
} -14] 0.8750] 0.8286] 0.8760] 0.8800] 0.0040] 0.8201] 0.8316] 0.0025 
$ —18] 0.8750] 0.8380] 0.8760] 0.8800] 0.0040] 0.8304] 0.84190] 0.0025 
I —I4| 1.0000} 0.9536] 1.0010] L.0050] 0.0040] 0.9541| 0.0566] 0.0025 
I} —12| 1.1250] 1.0700] 1.1265] 1.1310] 0.0045] 1.0714] 1.0744] 0.0030 
tt} —12] 1©.2500] 1©.1050] 1.2515] 1.2560] 0.0045] 1.1064] 1.1004] 0.0030 
1} —12] 1.3750] 1.3200] 1.3765] 1.3810] 0.0045] 1.3214] 1.3244] 0.0030 
14-12! 1.5000! 1.4459] 1.5015! 1£.5060] 0.0045\ 1.44641 1.4494] 0.0030) 
AMERICAN STANDARD FOR SCREWS 
2-56| 0.086 | 0.0744] 0.0875] 0.0900] 0.0025) 0.0754] 0.0774] 0.0020 
2-64] 0.086 | 0.0759] 0.0875] 0.0900] 0.0025] 0.0760} 0.0789] 0.0020 
3-48} 0.099 | 0.0855] 0.1005] 0.1030] 0.0025] 0.0865] 0.0885] 0.0020 
3-56] 0.099 | 0.0874] 0.1005] 0.1030] 0.0025] 0.0884] 0.0904] 0.0020 
4-36| 0.112 | 0.0940] 0.1140] 0.1165] 0.0025} 0.0955] 0.0075] 0.0020 
4-40] 0.112 } 0.0958] 0.1140] 0.1165] 0.0025] 0.0973] 0.0903] 0.0020 
5-40] 0.125 | 0.1088] 0.1270] 0.1205] 0.0025] 0.1103] 0.1123] 0.0020 
6-32] 0.138 | 0.1177] 0.1400] 0.1425] 0.0025] 0.1192] 0.1212] 0,0020 
6-40] 0.138 | 0.1218] 0.1400] 6.1425] 0.0025] 0.1233] 0.1253] 0.0020 
8-32] 0.164 | 0.1437] 0.1660] 0.1685] 0.0025] 0.1452] 0. ee 0.0020 
10-24] 0.190 | 0.1629] 0.1920] 0.1945] 0.0025] 0.1644] 0.1664] 0.0020 
10-32] 0.190 | 0.1697| 0.1920] 0.1945] 0.0025] 0.1712] 0.1732] 0.0020 
12-24] 0.216 | 0.1880] 0.2180] 0.2205] 0.0025] 0.1904] 0.1924] 0.0020) 


Lead Tolerance 


A maximum lead error of plus or minus 0.003 inch in 1 inch of thread ig 
permitted. t 3 

Taps with pitch coarser than Fine Standard will take Coarse Standard 
tolerances. ‘hose with finer pitch take Fine Standard tolerances. 
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Dimensions or Pipe Taps 


Taper 7 per th 


Distance . : 
Pitch Diam. of 
Length, Inches | _ s Sta Straight Pipe Tap, 
Nom- Diam. of] Size of Bri Inches 
inal |__| «Shank | Square | of a a 
Sizes Inches | Inches Tap 
Inches Thread eee c D Projects Basic Mini- | Maxi- 
‘B through eG mum | mum 
Gage 
; 4 2h 0.3125/0.234 0.312. |0.3748]0.3733|0.3763 
0.4375/0.328 
t Iv 2 v6 0.4375|0.328 0.459 |0.4800]0.4884|0. 4914 
0.5625|0. 421 
t Igy ads 0.5625|0 q2r 0.454 |0.6270/0,6253/0.6288 
0. 7000/0 ,531 
4 x} 3t 0.6875|0.515 0.579 10.778410.7767/0. 7802 
0.8650|0.640 
§ rf Bis 0.8125/0.504 
0.9270|0.687 
} 1} 3t 0.9063/0.679 0.565 |0,0880|/0.9860]}0.9900 
1.0750|0.812 
t bey 34 1.0937|0.812 
I 1} 3h 1.1250|0.843 0.678 I,2386]1, 2366|1. 2406 
rt 1} 4 1.3125]0.084 0.686 |1.5834/1.5811|1.5856 
4 I} 4t 1.5000/%.125 0.609 |1.8223}/1.8201/1.8246 
I 1} 44 1.6250|1.218 
} ti 44 1.8750|1.406 0.667 |2.2063)2.2038]2.2088 
at 24 5 2.0000/1.500 
| ays 54 2,.2500|/1.687 0.925 |2.7622/2.7504|2.7640 
2) 2i6 54 2.3750|1. 781 
3 Al 6 2.6250/1.9608 0.025 |3.388513.3858]3.3913 
3t 2 64 2.7500|2.062 
34 2itk 64 2,.8125/2.108 0.938 |3.8888]3.8861/3.8016 
3% 2h 6f 2.8750]2.156 
4 24 6} 3.0000]2.250 0.950 |4.3871/4.3844]4.3800 
TOLERANCES 
Length overall, } to } inch inclusive.............05 Plus or minus yy inch 


Length overall, { to 4 inches inclusive. . Plus or minus yy inch 


MEeNete OF Tread... ee ee ete we Plus or minus %% inch 
Diameter of shank.to } inch inclusive....... . Size to size minus 0.007 inch 
Diameter of shank over }inch............6- Size to size minus 0.009 inch 
Size of square to } inch inclusive..........+- Size to size minus 0.006 inch 
Size'of square over }inch......... 000.005 ',. Size to size minus 0.010 inch 


Distance projecting through gage, } to {inch inclusive Plus or minus yy inch 
Distance projecting through gage, 1 to 3 inches inclu- 

PVR eA couicien cee vesilny Deve anisiess igual eyeseeel 9 up Plus or minus yy inch 
Distance projecting through gage, 34 inches and over Plus or minus } inch 


138 STANDARD TAP DIMENSIONS 


CoMMERCIAL TOLERANCES FOR Stay Bott Taps 
AMERICAN FORM OF THREAD 
(Dimensions in Inches) 


Tap Measurements 


Basic 
Outside Diameter | Pitch Diameter 
Size 
Outside] Pitch ! Mini- | Maxi- | Toler- | Mini- | Maxi- | Toler- 
Diam. | Diam. | mum mum ance mum mum | ance 
4-12] 0.7500] 0.6059] 0.7510] 0.7550] 0.0040] 0.6964] 0.6004] 0.0030 
$-12| 0.8750] 0.8209] 0.8760] 0.8800] 0.0040] 0.8214] 0.8244] 0.0030 
I —12] 1.0000] 0.9450] I.0010} £.0050} 0.0040] 0.9464] 0.9494] 0.0030 
4-12] 1£.1250] 1.0709] 1.1265] 1.1310] 0.0045] 1.0714] 1.0749] 0.0035 
ti-12] 1.2500} 1.19059] 1.2515] 1.2560] 0.0045] I.1964] I.1999| 0.0035 
Ig-12] 1.3750] 1.3200] 1.3765] 1.3810] 0.0045] 1.3214] 1.3249] 0.0035 
I4-12| 1.5000] 1.4459] I.5015| 1.5060] 0.0045] 1.4464] 1.4499] 0.0035 
1$-12] 1.6250] I.5700| 1.6265| 1.6320] 0.0055] I.5710] I.5759] 0.0040 
13-12] 1.7500] 1.6959] I.7515| 1.7570] 0.0055| 1.6960] I.7009| 0.0040 
I}-12] 1.8750] 1.8200] 1.8765] 1.8820] 0.0055] 1.8219] 1.8250] 0.0040 
2 —12| 2.0000] 1.9459] 2.0015] 2.0070] 0.0055] 1.9469] 1.9500] 0.0040 


Lead Tolerance 
A maximum lead error of plus or minus 0.003 inch in 1 inch of thread is 
permitted. 
CoMMERCIAL TOLERANCES FOR GROUND THREAD TAPS 
AMERICAN COARSE THREAD STANDARD 
(Dimensions in Inches) 


Tap Measurements 


Basic Fo a — Re RNS TER SR 
Outside Diameter | Pitch Diameter 

Size rea Tam as 
Outside] Pitch | Mini- | Maxi- | Toler- | Mini- | Maxi- | Toler- 
Diam. | Diam. | mum mum ance mum | mum ance 
4-20] 0.2500] 0.2175] 0.2520] 0.2535] 0.0015] 0.2180] 0.2190] 0.0010 
ys—-18] 0.3125] 0.2764] 0.3145] 0.3160] 0.0015] 0.2769] 0.2779] 0.0010 
g-16] 0.3750] 0.3344| 0.3770] 0.3785] 0.0015] 0.3349] 0.3350] 0.0010 
ye-14| 0.4375] 0.3911] 0.4400] Ov4415] 0.0015] 0.3916] 0.3926] 0.0010 
4-13] 0.5000] 0.4500] 0.5025] 0.5040] 0.0015] 0.4505] 0.4515] 0.0010 
ys-12| 0.5625] 0.5084] 0.5650] 0.5665] 0.0015] 0.5089] 0.5000] 0.0010 
g-11] 0.6250] 0.5660] 0.6275] 0.6290] 0.0015] 0.5665] 0.5675] 0.0010 
{-10] 0.7500] 0.6850] 0.7530] 0.7550] 0.0020] 0.6855] 0.6865] 0.0010 
#9 | 0.8750] 0.8028] 0.8780] 0.8800] 0.0020] 0.8033] 0.8043] 0.0010 
I —8 | 1.0000] 0.9188] 1.0030] 1.0050] 0.0020] 0.9193] 0.9203] 0.0010 
1-7 | 1.1250] 1.0322] 1.1290] 1.1310] 0.0020] 1.0327] 1.0342] 0.0015 
Ii-7 | 1.2500] 1.1572] 1.2540] 1.2560] 0.0020] 1.1577] 1.1592] 0.0015 
Ig-6 | 1.3750] 1.2668] 1.3790] 1.3810] 0.0020] 1.2673] 1.2688} 0.00715 
13-6 | I.5000] 1.3917] 1.5040] 1.5060] 0.0020] 1.3922] 1.3937] 0.0015 
Ij-5 | 1.7500] 1.6201] 1.7550] 1.7570] 0.0020] 1.6206] 1.6221] 0.0015 
2 —44| 2.0000] 1.8557] 2.0050] 2.0070] 0.0020] 1.8562] 1.8577] 0.0015 
24-4}| 2.2500] 2.1057] 2.2560] 2.2580| 0.0020] 2.1062] 2.1082] 0.0020 
24-4 | 2.5000] 2.3376] 2.5060] 2.5080] 0.0020] 2.3381] 2.3401] 0.0020 
23-4 | 2.7500] 2.5876] 2.7570] 2.7590] 0.0020] 2.5881] 2.5001] 0.0020 
3 -34| 3.0000] 2.8144] 3.0070] 3.0090] 0.0020] 2.8149] 2.8169] 0.0020 


_ Lead Tolerance—A maximum lead error of plus or minus 0.0005 inch in I 
inch of thread is permitted. 
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COMMERCIAL TOLERANCES FOR GROUND THREAD TAPS 
AMERICAN FINE THREAD STANDARD 
(Dimensions in Inches) 


Tap Measurements 


Basic 
Outside Diameter | Pitch Diameter 

Zen : 

Outside] Pitch | Mini- | Maxi-4Toler- | Mini- | Maxi- | Toler- 
Diam. | Diam. | mum mum ance mum mum ance 

4-28] 0.2500] 0.2268] 0.2520] 0.2535] 0.0015] 0.2273] 0.2283] 0.0010 
fs—-24| 0.3125] 0.2854] 0.3145] 0.3160] 0.0015] 0.2850] 0.2869] 0.0010 
$-24| 0.3750] 0.3479] 0.3770] 0.3785] 0.0015] 0.3484] 0.3494] 0.0010 
qe-20] 0.4375] 0.4050] 0.4395] 0.4410] 0.0015] 0.4055] 0.4065] 0.0010 
4-20] 0.5000| 0.4675] 0.5020] 0.5035] 0.0015] 0.4680]. 0.4690] 0.0010 
5-18] 0.5625] 0.5264] 0.5645] 0.5660] 0.0015] 0.5269] 0.5279] 0.0010 
$18] 0.6250] 0.58809] 0.6270] 0.6285] 0.0015] 0.5894] 0.5904] 0.0010 
4-16] 0.6875] 0.6469} 0.6895] 0.6910] 0.0015] 0.6474] 0.6484] 0.0010 
4-16] 0.7500] 0.7094] 0.7520] 0.7535] 0.0015] 0.7099] 0.7109] 0.0010 
4-14] 0.8750| 0.8286] 0.8775] 0.8790] 0.0015] 0.8291] 0.8301] 0.0010 
#-18] 0.8750] 0.8389] 0.8770] 0.8785] 0.0015} 0.8394] 0.8404] 0.0010 
I —14] I.0000] 0.9536] 1.0025] L,0040] 0.0015] 0.9541] 0.9551] 0.0010 
I$-12| 1.1250] 1.0700] I.1275| 1.1290] 0.0015] 1£.0714] 1.0729] 0.0015 
I4Z-I2] 1.2500] £.1959] 1.2525] 1.2540] 0.0015] I.1964| 1.1979] 0.0015 
I#-12] 1.3750} I.3200] 1.3775] I.3790] 0.0015] 1.3214] 1.3220] 0.0015 
IZ-12] 1.5000] 1.4459] 1.5025] 1.5040] 0.0015] 1.4464] 1.4479] 0.0015 


Lead Tolerance—A maximum lead error of plus or minus 0.0005 inch in 1 
nch of thread is permitted. 


I40 STANDARD TAP DIMENSIONS 


COMMERCIAL TOLERANCES FOR MacuIne Screw Taps 
(Dimensions in Inches) 


Tap Measurements 


Basic 

Size Outside Diameter Pitch Diameter 

oe Pitch | Mini- | Maxi-| Toler-| Mini- | Maxi-| Toler- 
Due Diam.| mum | mum | ance | mum | mum | ance 

o—80—F 0.060 |0.0519|0.0610]0.0625/0.0015|0.0524/0.0534/0.0010 
1-56 0.073 |0.0614]/0.0740/0.0755|0.0015|0.0619/0.0629|0.0010 
64-C 0.073 |0.0620]0.0740/0,0755|0.0015|}0.0634]/0.0644/0.0010 
72-F 0.073 |0,0640/0.0740]0.0755]0.0015|0.0645|0.0655/0.0010 | 
2—56-C 0.086 |0.0744]0.0870/0,0885/0.0015/0.0749|0.0759|0.0010 | 
64-F 0.086 |0.0759|0.0870]0.0885]/0.0015/0.0704|0.0774|0.0010 | 
3-48-C 0.099 |0.0855/0. 1000/0, 1015/0. 0015/0.0860]0.0870]}0.0010 
50-F 0.099 |0.0874]0. 1000/0. 1015/0. 0015|0.0879|0.0889]}0.0010 
4-32 0.112 |0.0917]/0. 1130/0. I150|}0.0020/0,0922|0.0937|0.001§ 
36 0.112 |0.0940]0. 1130/0. I1150]0.0020/0.0945/0.0960/0. 0015 
40-—C 0.112 |0.0058]0. 1130]0. I150}0.0020|0.09063/0.0078|0. 0015 
48-F 0.112 |0.0985]0. 1130/0. I150]/0.0020/0.0990]0. 1005|0.0015 
5-36 0.125 |0.1070|0. 1260/0. 1280|0.0020/0.1075|0. 1090|0.0015 
40—C 0.125 |0. 1088/0. 1260/0. 1280]/0. 0020/0. 1093/0. T108|0. 0015 
44-F 0.125 |O.1102/0. 1260/0. 1280|0.0020]0. 1107|0. 1122|0.0015 
—g2-€ 0.138 |O.1177/0.1390/0. 1410]0.0020/0, 1182/0. 1197|0.0015 
36 0.138 |0.1200]0.1390]0. 1410]0.0020|0. 1205]0.1220/0.0015 
40-F 0.138 |0.1218]0. 1390/0. T410/0. 0020/0. 1223/0. 1238|0.0015 
7-30 0.151 |0.1294/0.1520|0.1540]/0.0020|0. 1299/0. 1314/0.0015 | 
32 0.151 |0.1307|/0. 1520/0. 1540/0.0020]0. 1312]0.1327|0. 0015 
36 0,151 |0.1330]/0. 1520/0. 1540/0.0020]0. 1335]0.1350/0.0015 
8-30 0.164 |0.1423]/0.1650|0. 1670/0.0020/0. 1428]0.1443]0.0015 
32-C 0.164 |0.1437]0. 1650]0. 1670/0. 0020]0. 1442]0.1457|/0.0015 
36-F 0.164 |0.1460/0. 1650/0. 1670]0.0020/0. 1465/0.1480]0.00T5 | 
40 0.164 |0.1478/0. 1650/0. 1670/0. 0020/0. 1483/0. 1498|0.0015 
9-24 0.177 |0.1499|0.1780]0. 1800|0. 0020/0. 1504/0. 1519|0.0015 
30 0.177 |0.1553]0.1780]0. 1800]/0. 0020/0. 1558]0.1573|0.0015 
32 0.177 |0.1567/0.1780|0. 1800]0.0020]0.1572|0.1587/0.0015 
10-24—-C 0.100 |0. 1629/0, 1910|0. 1930/0. 0020/0. 1634/0. 1649|0. 0015 
28 0.190 |0. 1668/0. 1910/0. 1930/0.0020/0. 1673/0. 1688/0. 0015 
30 0.190 |0. 1684/0. 1910/0. 1930/0. 0020/0. 1689/0. 1704|0.0015 
32-F 0.190 |0,1697|0. 1910/0. 1930]0.0020]0. 1702/0. 1717/0.0015 
12-24-C 0.216 Jo. 1889/0. 2179/0. 2190/0.0020]0. 1894/0. I909]0. 0015 
a5—T 0.216 Jo. 1928]0, 2170/0. 2190/0. 0020]0. 1933/0. 1948]0. 0015 | 
32 0.216 |0.1957|0.2170 0.2190|0,.0020 0.1962/0.1977|0.001§5 | 


a 
Lead Tolerance 


2 i arama lead error of plus or minus 0.003 inch in 1 inch of thread is per- | 
mitted. 
C = coarse thread standard. F = fine thread standard. 


CHAMFER ON DIES I41I 


CHAMFER ON DIES 


All standard dies are chamfered approximately as shown in the 
following table. 


APPROXIMATE NUMBER OF THREADS CHAMFER 


Type of Die | Front Face Rear Face 

Spring screw threading.............. 23-3 

Bolidssquare bolt :irs.)... egos licustage 24-3 1-1} 
BOMGsSAUATESPIPES:o.,4. 2. da. scaleienda 23-3 ° 
Adjustable round split, straight thread 23-3 1-14 
Adjustable round split, taper thread... 23-3 ° 
Perret: Oise... lato « 4 kaneens &- 23733 is 
Hexagon rethreading..........0...5. I I 
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Doustr Drpro or THREADS 


Vv 
Taree | aaa 
2 . 86650}. 
24 . 77022). 
23 . 72960). 
2s . 69320]. 
23 .66015}. 
24 .63010}. 
25 .60278}. 
3, -57733}- 
34 + 53323] - 
32 49485]. 
4 +43300). ; 
43 38488] . 2 
5 34660}. 
52 - 31400}. : 
6 . 28860]. 
7 - 24742). 
8 . 21650]. 
9 - 19244]. 
bite) . 17320}. 
or .15745]. 
ba . 15060]. 
12 - 14433}. 
13 .13323]- 
14 0235 7le 
15 . 11555]. 
16 - 10825]. 
18 .09622]. 
20 .08660}. 
22 .07872]. 
24 .072T6]. 
26 . 0061 
27 .06418}. 


Whit. 
St'd 
DD 


.64000 
. 56888 
- 538094 
. 51200 
.48761 
46545 
44521 
. 42066 
- 39384 
. 30571 
. 32000 
28444 
. 256000 
Ne ey pe 
. 21333 
. 18285 
. 16000 
. 14222 
. 12800 
. 11636 
SCENT 
. 10666 
.09846 
.CQI42 
08533 
. 08000 
.O7IIL 
.06400 
.05818 
05333 
04.923 
.04740 


This gives the depth to allow for a full thread in a nut or similar 
piece of work for threads for 2 to 90 per inch, regardless of the diam- 
eter. A special nut for a 2-inch bolt, 20 threads per inch, American 
Standard would have a hole 2. — .06495 = 1.93505 inches in diam- 


eter bored in it. 
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Exermn Watca Screw TAprs 


The table below gives all of the standard taps used in connection 
‘with the screws listed by the Elgin Watch Co. The diameter in 
thousandths of an inch and number of threads per inch are marked 
on the handle of each tap. 


Diameter of Tap Diameter of Drill 
Threads 
per Inch 
Inches Millimeters Inches Millimeters 
. 0132 aa 360 .O112 -28 
.0148 5540 320 .O120 +30 
.0168 .42 260 -0132 333 
.0208 752 220 .0168 -42 
.0228 a5 260 .0188 +47 
.0248 .62 220 .0200 «50 
.0268 .67 180 .0220 AS 
.0288 772 220 .0248 .62 
.0308 Auli 180 .0248 62 
.0308 Syl 220 .0268 .67 
.0368 -92 140 .0280 -70 
.0368 -92 220 .0268 67 
.0408 T,02 120L -0300 aus 
.0408 I.02 200 .0348 Polit 
-0428 I.07 120 .0328 .82 
.0448 T.22 IIo -0340 85 
.0468 cm ti IIo .0348 .87 
.0488 1.22 I40 .0400 I.00 
.0488 dep 200 .0436 I.09 
.0508 L.27 t10oL .0388 97 
.0548 ea 180 .0488 1.22 
.0608 I.52 I1o .0488 1,22 
,0608 1.52 r10L .0488 122" 
.0708 7, 180L .0648 1.62 
.0768 1.92 r10L .0708 ng fri 
O72 1.93 80L .0012 18a) 
.0892 ee} 80L +O7L2 TT 


Observe that several different numbers of screws are the same as 
relate to the diameter and number of threads per inch, thus requiring 
a comparatively small number of taps to embody the entire line. 

“T,” indicates a left-hand thread. 
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WALTHAM WartcH Screw Taps 


This gives the pitch, the diameter of the thread and also th 
proper size of the tap drill, for all the screws used in the Walthar 
Watch movements. 


3 iP No. of Dee tee ox Diameter of Drill 
Tap Pinca SS Sa ts 
en eG In Inches ge lees In Inches ae iar 
I IIo 0.05906 I.50 0.05197 Eng 
3 IIo 0.04724 I.20 0.04016 I.02 
5 120 ©.04331 I.10 0.03741 0.95 
7 140 0.03937 I.00 0.03347 0.85 
9 160 0.03661 0.93 0.02796 0.71 
II I70 0.05276 I.34 0.04803 Tz? 
13 180 0.03937 I.00 0.03347 0.85 
15 180 0.03268 0.83 0.02796 0.71 
17 200 0.02560 0.65 0.02126 0.54 
19 220 0.02166 0.55 0.01772 0.45 
21 240 ©.01772 0.45 0.01339 0.34 
23 254 ©.01379 0.35 0.01064 01.27 
PENDANT TAPS 
Diameter of Tap Diameter of Drill 
Size Threads 
per Inch 
Inches Millimeters Inches Millimeters 
18 - 236 5.90 50 een 5.28 
16 . 200 5.00 60 . 180 4.50 
12-6 -176 4.40 66 .158 3.95 
° -156 3.90 66 -138 3-45 
s/o .128 3.20 80 -I14 2.85 
10/0 103 2.58 9° -086 Bo 15 
Crown Tarps 
Diameter of Tap Diameter of Drill 
Soa Threads 
per Inch 
Inches Millimeters Inches Millimeters 
18 .OOL 2.28 60 .O71 bay fs) 
16 077 1.93 72 .063 1.58 
12-6-0 .o61 1.53 80 .048 I.20 
5/o-10/0 048 1.20 IIo .038 0.95 
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WATCHMAKERS’ MEASUREMENTS 


Showing the comparative values of the standards of measure- 
ments commonly used by watchmakers. 


ODESPIOUZIEME. = 2-54 bye apni 2 = .0074 inch 
OMG MVIMLIMELCT 5. . 3/5. oi. os =  .03937 inch 
MGMT OTICEHIEY «g's cis «1s 5 Gye oieters eas =  .0888 inch 
OMey Tens Led. sisi atsithe oebaoert Lies = 2,256 M..M. 


The Elgin Co. have two gages, oné known as the “upright,’’ the 
other as the “fine.” 


One degree “upright” gage.. = }499 oro.oo2 in. 
One degree “fine” gage... ..'. = 14500 Or 0.0004 in. 
TABLE OF JEWEL SETTinc DIAMETERS 


- Showing their Sizes in Thousandths of an Inch and Equivalent 
Diameters in Millimeters 


Inches | Millimeters Inches Millimeters Inches Millimeters 
-054 1.37 .088 2.23 .126 3.20 
.060 Tso, .092 2.33 .140 2-255 
.070 1.78 .096 2.43 -144 3.65 
.076 1.93 . 106 2.69 .156 3.96 
.080 2.03 .116 2.04 . 160 4.00 
-084 2213 aie 3.09 Ap dy fo) 4.31 
-086 Zito 


THICKNESS OF PALLET STONES 
In Thousandths of an Inch and Equivalent Thickness in Millimeters 


Inches Millimeters 
18 and 16 Old Style (thick) .o168............ .4267 
18 and 16 New Style (thin) .or48............ .3759 
GiOld Style (thick) .or46 sl} lepeneh eee .3708 
GWew, Style. (thim);0r28..j5.. sass eye UHS2 SE 


Tapping and Threading Speeds 
In multiple machine tapping the Fox Machine Co. recommend 
30 feet cutting speed for cast iron and aluminum and about 18 feet 
for steel. A full thread is unnecessary and requires more space for 


chips in blind holes. 
Threading Pipe 


The Bignall & Keeler Manufacturing Co., Edwardsville, IIl., 
for pipe-threading machines with carbon dies and 133 to 14 feet 
for high-speed cutters advocate a cutting speed of 17 to 173 feet 
per minute. They advise nothing but lard oil on the dies. 

Tt will be understood in all the cases cited that the figures given 
are merely a guide as to what can be done and do not record per- 
formances in any particular. Soft stock can be run very fast, and 
hard, gritty stock is very hard on the dies. The only safe rule is to 
run as fast as possible without undue heating of the taps or dies. 


FILES 


‘Fires are designated both by the spacing of their teeth and the 
shape or cross-section of steel on which the teeth are cut, the size 
always referring to their length, which is measured from the point 
cutting to the end of the file proper, but the measurement never 
includes the tang which fits into the handle. 


Terms USED 


The back of a file is the convex or rounding side of half-round, 
cabinet and other files having a similar shape. 

A file is Bellied when it is full or large in the center. 

A Blunt file is the same size its whole length, instead of being 
tapered. 

An Equaling file is one which looks blunt, but which has a 
slight belly or curve from joint to tang. 

A Float file is a coarse single cut made for use on soft metals or 
wood and frequently used by plumbers. 

A Safe-edge is an edge left smooth or blank so that the file will 
not cut if it strikes against the side of a slot or similar work. 

The Tang is the small pointed end forged down for fitting into 
the handle. 

Three square files are double cut and have teeth only on the sides, 
while taper saw files are usually single cut and have teeth on the 
edge as well as the sides. This makes the taper saw files broad on 
the edge or without sharp corners, while the three square files have 
very sharp corners. 

A special-angle tooth file is made for brass work. ‘The first cut is 
square across the file, while the second is at quite an acute angle, 
about 60 degrees from the first cut. 

Doctor files are very similar to these except that the first cut is 
about 15 degrees instead of being square across the file. 

A lock file has safe edge and the teeth only go about one-third’ 
the way across from each side, leaving the center blank. ‘The teeth 
are single cut. 

Hetcut or Work 


The work should be at a convenient height, which will usually 
vary from 40 to 44 inches for most men, with an average of 42 
inches. This means the height of the work, not the bench. 


Picxiinc Batu 


A good pickle to soften and loosen the scale on cast iron. before 
filing is made of from four to ten parts of water to one part of sul- 
phuric acid. A too strong solution will not act so rapidly as one 
sufficiently diluted. Other acids are also used. The pickle is 
usually kept in a lead-lined tank. 
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TOOTH SPACING 
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SECOND CUT 
Actual Tooth Spacing of Single Cut Files 
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SECOND CUT 


Actual Tooth Spacing of Double Cut Files 


SMOOTH DEAD SMOOTH 
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For brass castings use a pickle of five parts water to one part 
nitric acid. This is particularly good if they are to be lacquered 
afterwards. 

The usual way to use the pickle is to place the castings on a 
sloping platform which drains into the tank, and pour the pickle 
over them. After the acid gets in its work the castings are washed 
in water and rattled (or rumbled), scraped or otherwise cleaned. 
Sometimes the castings are dipped into the acid tanks, 


Tue Tretu or Fires 


The cut of a file or the number of teeth per inch vary with the 
length of the file itself and the kind of a file, and is a little confusing, 
as a rough cut in a small file may be as fine as a second cut of a 
larger size. The cuts used on regular 12-inch files are shown in the 
illustration and represent the practice of Henry Disston & Sons. 
The same makers also supply the table of cuts per inch used on their 
machines, which are as follows: 

REGULAR TAPFR FILES 

Length, inches—23, 3, 33, 4, 42, 5, 52, 6, 6%, 7, 8, 9, Io. 

Teeth per inch—64, 56, 52, 50, 48, 46, 44, 42, 42, 40, 38, 36, 34. 
Slim Tapers— 64, 64, 60, 58, 56, 52, 50, 50, 46, 46, 44, 40, 38. 
Mitt Fire, Bastarp Cur 

Length—4, 5, 6, 7; 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 20in. 

Teeth—56, 50, 48, 46, 44, 42, 40, 38, 36, 34, 32, 30, 28, 26, 24, 22 
per inch, 

Frat Fire, Bastard Cut 
48, 42, 38, 36, 32, 30, 26, 24, 22, 20, 20, 18, 18, 16, 16, 14. 
Single cut files usually have teeth at about 25 degrees and in 


double cut files the other cut is usually from 45 to 50 degrees. Fine 
machinists files are made in ten numbers from oo to 8, 


Tue SHAPES or FILES 


In the following pages the shapes of standard files are shown. 
The names are as follows: 


1. Metal saw—blunt. 6. Round or rat-tail. 12. Warding. 


2. Three-square or tri- 7. Pippin. 13. Extra narrow 
angular. 8. Knife. pillar. 

3- Barrette. 9. Crossing. 14. Narrow pillar. 

4. Slitting. to. Half-round. rs. Pillar. 

5. Square. . Crochet. 16. Hand. 


Files are cut in two ways, mere and double. The first has but a 
single line of cuts across the surface, at an angle with the file body 
but parallel to each other. The double-cut file has two lines of cuts, 
at an angle with each other, and the second cut being usually finer 
than the first. Some prefer the single cut, for filing in Sie lathe. 
Rasps have single teeth forced up with a punch, 

The old method of designating the cuts were rough, ecdiae, bas-| 
tard, second cut, smooth and dead smooth. Some makers are now | 
using a series of numbers—usually eight to ten—instead of the 
six designations by name formerly employed. The uses of the 
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_ various cuts depend on the shop in question and must be learned 
from observation and experience in each case. 

: The grades of cut used by them run from No. 00 to No. 8, and 

while it is hard to exactly compare them with the old-style designa- 

a 
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The Standard Shapes of Files 
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The Standard Shapes of Files——(Continued) 


tions, it will be found that No. 00 is about the same as a bastard, 
No. 1 asa second cut, No. 2 or 3 with a smooth, and Nos. 6 to 8 with 
a dead smooth file. 


WHEN A Fire Cuts Brst 


One who has given the matter careful attention, and has built 
file-testing machines, Edward G. Herbert, of Manchester, England. 
has come to the conclusion that a file does not cut best when it is 
new but after it has been used for some little time, say 2500 strokes 
or the filing away of one cubic inch of metal. Another curious 
feature is that its usefulness seems to come to a sudden instead of a 
gradual end. 

A bastard file having 25 teeth to the inch, operating on a surface 
one inch square with a pressure of 30 pounds, which is about equa! 
to heavy hand filing, gives 25 cutting edges about one inch long. 
which likens it somewhat to a broad cutting tool in a planer. 

_Incutting a file the metal is forced up in a sort of a bur, and occa- 
sionally the top of the tooth slopes over backward which is the 
reason that a file often cuts better after these are broken or worn off. 
Then, too, when a file is new all the teeth are not of the same height 
and only a few points cut. As they wear down more teeth come 
into contact and do more work. 


WORK BENCHES 


Tue duties of a bench vary with the shop, according to the work 
that is to be done on it or at it. If it is simply a filing bench, the 
main requirement is that it support a vise firmly and at the proper 
height. If an assembling bench, these are not the important 
features, and just what it needs depends on the kind of work being 
handled. 

For the average shop work we want a bench that is rigid; that will 
stand chipping and filing; that can be used in testing work on a 
surface plate or in handling jigs and fixtures; that will not splinter 
badly or otherwise injure a tool should it happen to drop on it. 
For the toolmaker the cast-iron bench top has some advantages, 
but both the bench and the tool are very liable to be marred if 
a tool is dropped on such a bench, so for general use we rely on 
wood. The bench should be set out from the wall to allow the 


Fic. 1.—Good for Ordinary Frc. 2.—Another Method 
Work 


heat and the air to circulate, as well as to make it possible for the 
sprinklers to reach any fire on the floor near the walls. 

The use of a lighter board at the back has become so common that 
the New Britain Machine Company’s design for a bench leg is made 
for this type of construction, as shown in Fig. 1, which also shows 
the backboard B rabbeted to the plank A, which supports it all 
along the front edge. It is also supported by the stringer D, which 
tuns the whole length of the bench. These supports, in addition 
to the cross bearing of the legs every 6 or 8 feet, give the backboard 
a stiffness that is unknown where they are simply laid flush and 
not rabbeted and the stringer is absent. 

. All cracks are more or less of a nuisance in bench work, but in 
ais case any shrinkage can be taken up by wedging against the 
ron support of the board C and the edge of the backboard B. 

_ Another style bench with this same leg is shown in Fig. 2. Here 
the front plank A and the backboard C are the same as before, but 
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instead of having one backboard, this part of the bench is made up 
of narrow strips as B, fitting into rabbet in plank A and supported 
by the stringer D as before. These narrow boards can be either 
tongued and grooved hardwood flooring, or can be square edges, as 
preferred; in either case any shrinkage can be taken up by forcing 
the boards together. 

A cheaper form of bench is shown in Fig. 3, where the heavy 
planking is entirely dispensed with and the boards B run the full 


Fic. 3.—A Cheaper Way | 


width of the bench as shown. Running along the front, underneath 
the main boards, is a soft plank A which supports the edge of the | 
bench where the most work comes, and under the back is the 2- by 6- | 
inch stringer as before. Here, too, the boards can be either notched | 
or square edge. The objection raised against the tongue and groove | 
is that the edges are apt to split off if heavy articles are dropped | 
on them. An advantage claimed for the boards running this way | 
is that work going on or off the bench is always in the direction of | 


the grain of the wood and fewer splinters are therefore formed.| 
In either Fig. 2 or 3 any local wear can be remedied by replacing 
the worn board with a new one. Some object to the end of the 
grain at the front of a bench. : } 

The material used in any of these can be varied to suit the indi-| 
vidual requirements. » Maple is generally considered the best wood) 
for a bench, while others prefer ash. For the backboards hard pine) 


| 
Fic. 4.—Steel Bench Leg | 


BENCH LEGS 153 


is often used and even cheaper woods will answer if necessary, 
although it probably pays to use maple all through if it can be 

afforded. 

Pressed-steel legs are now used extensively. Fig. 4 shows one 
made by the New Britain Company. Oval bolt holes allow for 
the shrinkage of the wooden top. Bolts must start at front of slot 
so that shrinkage can be taken up. The first plank is-r2 to 14 
inches wide and 2% or 3 inches thick. Jt can be had in 16-foot 
lengths, so joint will come on every other leg. 

Benches are also occasionally built up from small blocks so as to 
present an end grain on the top, the same as butchers’ blocks. 
_ Others glue up strips on edge and plane down to a smooth surface 
so as to do away with all cracks. Zinc or even heavy paper covers 
are often used where fine work is being assembled to prevent its 
finding its way into cracks and crevices. Battleship linoleum 
makes a fine covering for benches used in assembling small parts. 
It has a yielding surface and yet lasts a long time. 

The usual work bench is from 33 to 35 inches from the floor to the 
top, about 29 or 30 inches wide, and has the front plank 3 inches with 
backboards 1 inch thick. A cast-iron leg of this type weighs about 
50 pounds. Pressed steel legs are considerably lighter. 


BRAZING, SOLDERING AND WELDING 


ALMosT everyone thinks he can solder, yet if we examine the 
work carefully we will find that only about ro per cent of the work 
is really done as it should be. Thorough soldering is frequently 
referred to as sweating, and it is remarkable the difference in strength 
between a well-fitted and “‘sweated”’ junction of the metals and one 
as ordinarily soldered. 

A point frequently overlooked is the important one of properly 
cleaning the surfaces to be joined. This is too often left for the 
flux to correct. Another neglected point is the selection of the flux 
to be used, although nearly all of the metals can be joined by the use 
of the same flux. The after effects resulting from improper cleaning 
after soldering are frequently worse than the good effect of the 
soldering. ‘This is particularly noticeable in electrical work. 

For strength, fit the parts accurately. The more accurate the 
fitting the stronger the result. Use a solder with as high a melting 
point as possible. Apply the proper heat. The nearer the tem- 
perature of work to be joined is brought to the fusing point of the 
sole the better will be the union, since the solder will flow more 
readily, 

Fluxes for Different Metals 


There are on the market a number of fluxes or soldering salts 
that are giving good satisfaction. A form that is non-corrosive 
and very popular with electrical workers is the soldering stick in 
which the ingredients are molded into stick form. 

A flux in soldering removes and prevents the formation of an 
oxide during the operation of soldering, and allows the solder to flow 
readily and to unite more firmly with the surfaces to be joined. 

For sheet tin, on the best work rosin or colophony is used; but 
owing to the ease of applying and rapidity of working, zinc chloride 
or acid is more generally used. Beeswax can also be used, as also 
almost any of the pastes, fats or liquids prepared for the purpose. 

For lead, a flux of oil and rosin in equal parts works very well. 
Tallow is also a good flux. Rosin or colophony is much used, and 
zinc chloride will keep the surfaces in good condition. 

Lead burning is a different operation from soldering, and at the 
present time almost a lost art. The surfaces must be bright and 
free from oxide; solder is not used as a flux, but a piece of lead and 
rosin or oil. 

For brass, zinc chloride or almost any of the soldering prepara- 
tions is used. Care must be taken to remove any scale or oxide 
if a good joint is wanted. On new metal this is not much trouble, 
but on old or repair work it is sometimes exceedingly difficult. This 
is particularly noticeable on metal patterns that have-been in use 
for some time. The scraper must be brought into use to remove it. 
Many use with considerable success an acid dip such as is com- 
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monly used by electro platers, for removing the oxide. Oily or 
greasy work can be cleaned by the use of potash or lye, but care 
must be exercised that the brass is not left too long in the solution, 
especially if it contains any joints previously soldered, since the 
action set up will dissolve the solder entirely or roughen up the 
joint to such an extent as to require refinishing. 

For copper, the same fluxes as for brass are used. On old work 
it is almost always necessary to scrape the parts to be joined to get 
the solder to hold. A particularly difficult piece of work to solder 
isanold bathtub. The grease and soap form a layer that is imper- 
vious to any of the fluxes, and it must be carefully removed entirely 
if good work is wanted. 

For zinc, use muriatic acid almost full strength or chloride of 
zinc solution. Zinc is the metal that has a “‘critical temperature” 
more than any other metal except the softer alloys. If the iron is 
overheated, the zinc is meited and a hole burned in the metal; 
even if this does not occur, the surface of the metal is roughened 
and there is formed on the soldering copper an alloy that will not 
flow but simply makes a pasty mass. At the correct heat the solder 
will flow readily and unite firmly with the metal. Especially if 
the work is to be painted, care should be taken to neutralize and 
wash off any excess of acid or soldering solution, as it is impossible 
to cause paint to adhere properly unless this is done. 

For galvanized iron, use muriatic acid, chloride of zinc solution 
or rosin, and be sure to see that the acid is neutralized if the work 
is to be painted. Many cornices and fronts are made of this metal 
and are very unsightly in a short time after being painted, particu- 
larly at the joints, owing to lack of care in removing the excess flux. 

An action that is not usually taken into consideration in the join- 
ing of galvanized iron or zinc with copper, as is sometimes done, is 
the electrical action set up by the metals if any moisture is present. 
This is very noticeable in cities where the acid from the atmosphere 
assists in the action. It will nearly always be found that the zinc 
or galvanized iron has been greatly injured at the places joined. 

Lor wrought iron or steel, zinc chloride is best. The iron or steel, 

‘to make good work, should be previously freed from scale or oxide 
and tinned before joining. Where the oxide is not very heavy, 
the iron can be cleaned by brushing with muriatic acid and rubbing 

with a piece of zinc. 


The Fluxes Themselves 


The above paragraphs give the fluxes adapted to the various 
metals; the fluxes themselves are as follows: 

_ Hydrochloric or muriatic acid. The ordinary commercial acid 
is much used in full strength or slightly diluted to solder zinc, par- 
ticularly where the zinc is old or covered with an oxide. 

Rosin or colophony, powdered, is commonly used for copper, tin 
-and lead, and very generally by canneries and packing houses on 
“account of its non-poisonous qualities. It is also used mixed with 
common olive oil. Turpentine can also be used asa flux. Beeswax 
is a good but expensive flux. ‘Tallow is also used for lead pipe, 

but is more frequently mixed with rosin, 
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Palm or cocoa oil will work well, but is more generally used in 
the manufacture of tin plate. The common green olive oil works 
very well with the more fusible solders. 

As expedients we can use a piece of common stearine candle or 
a piece of common brown rosin soap or cheap furniture varnish, 


which is largely composed of rosin. Paraffin, vaseline and stearine - 
are recommended for use with some of the alloys for soldering - 


aluminum. 

Chloride of zinc, acid, or soldering liquid, is the most commonly 
used of all the fluxes; as usually prepared, simply dissolve as much 
scrap zinc in the ordinary commercial muriatic acid as it will take 
up. But if it is diluted with an equal quantity of water and a small 
quantity of sal ammoniac is added it works much better and is less 


likely to rust the articles soldered. If they are of iron or steel, about | 
2 ounces to the pint of solution is about the proper quantity of pow- | 


dered sal ammoniac to add. 

In preparing this solution, a glass or porcelain vessel should be 
used; owing to the corrosive fumes, it should be done in a well-ven- 
tilated place. Use a vessel of ample capacity, since there is con- 
siderable foaming or boiling of the mixture. 

Soldering liquid, non-corrosive, is also prepared by dissolving 
the zinc in the acid as above and adding one fourth of the quantity 
of aqua ammonia to neutralize the acid, then diluting with an equal 
quantity of water. 


Soldering liquid, neither corrosive nor _ Poisonous. Dissolve 14 | 


parts glycerin, 12 parts water, and add 13 parts lactic acid. 


Soldering paste. When a solution of chloride is mixed with | 


starch paste, a syrupy liquid is formed which makes a flux for 
soldering. 


Soldering fat or paste. Melt 1 pound of tallow and add 1 pound | 
of common olive oil. Stir in 8 ounces of powdered rosin; let this. 


boil up and when partially cool, add with constant stirring, 4 # pint 
of water that has been saturated with powdered sal ammoniac. 


Stir constantly until cool. By adding more rosin to make it harder, 


this can be formed into sticks. A very good acid mixture for clean- 


ing work to be soldered is equal parts of nitric and sulphuric acid | 


and water. Never pour the water into the acid. 


Cleaning and Holding Work 


For copper work a dilute sulphuric acid is best. Articles of lead 


and zinc can be cleaned with a potash solution, but care must be 
exercised as the alkalies attack these metals. For zinc, a dilute 
solution of sulphuric or muriatic acid will clean the surface. 

For cleaning or removing the oxide or other foreign material, 
scrapers and files are frequently used. An old file bent at the ends 


and with the corners flaring makes a handy tool. -Grind the edge | 


sharp and make as hard as possible. 
To enable difficult points to be “filled,” sometimes a small piece 


of moist clay pressed into shape to form the desired shape can be | 


used to advantage as a guide for the solder. Another use of the 
clay is to embed the parts in, to hold them in position for soldering. 
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Plaster of paris is also used for this purpose, but is sometimes 
difficult to remove, especially in hollow pieces. A dilute solution 
of muriatic acid will help to get this out, however. 

Castings containing aluminum are always harder to solder than 
other alloys. In some instances where the percentage of aluminum 
is high, it is necessary to copperplate the parts to be joined before 
a satisfactory joint can be made. Innearly every instance the work 
can be ‘‘stuck”’ together, but not actually soldered. 

In metal-pattern making too little attention is given to both the 
fitting of the parts and the selection of the solder to joint the work. 
A good grade should always be used, and it must be borne in mind 
that the higher the melting point of the solder the stronger the 


joint. 


A very good job of soldering can be done on work that will permit 
of it by carefully fitting the parts, laying a piece of tin foil, covered 
on both sides with a flux, between the parts to be joined and pressing 
them tightly together. Heat until the foil is melted. This is very 
good in joining broken parts of brass and bronze work. If they 
fit well together, they can frequently be joined in this manner so 
that the joint is very strong and almost imperceptible. 


Soldering Cast Iron 


For cast iron, the flux is usually regarded as a secret. A number 
of methods are in use; one of the oldest and least satisfactory is to 
brush the surfaces thoroughly with a brass scratch brush. Brush 
until the surface is coated with brass, then tin this surface and solder 
as usual. If plating facilities are to be had, copperplate the parts 
and solder together. This method has been used very successfully 
for a number of years. 

A fair substitute for the above is to clean the surfaces thoroughly 
and copperplate them with a solution of sulphate of copper: about 
r ounce sulphate of copper, } pint water, 4 ounce sulphuric acid. 
Brush this solution on or dip into the solution, rinse off and dry it 
well before soldering. 

Another method is to tin the cast iron. To do this, first remove 
all scale until the surface is clean and bright. The easiest way to 
do this is with the emery wheel. Dip ina lye to remove any grease, 
and rinse the lye off; then dip into muriatic acid of the usual 
strength. Then go over the surface with rosin and a half and 
half solder. It may be necessary to dip into the acid several times 
to get the piece thoroughly tinned. Rubbing the surface of the 
iron with a piece of zinc while the acid is still on it will facilitate the 


 tinning. 


Another method of soldering cast iron is to clean the surface as 


in the previous operation and then brush over with chloride of zinc 


solution and sprinkle powdered sal ammoniac on it; then heat until 


_ the sal ammoniac smokes. Dip into melted tin and remove the 
surplus; repeat if not thoroughly tinned. Half tin and half lead 


works well as a solder for this. 

Commutator wires and electrical connections should never be sol- 
dered by using an acid solution, owing to the corrosive action after- 
ward. A good flux is an alcoholic solution of rosin. 
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Solders and Fusible Alloys 


Solders act under constant stress considerably like plastic or semi- 
fluid material. Their fluidity resembles that of tar or gum, and 
their distortion with time is greater than would be thought. Ina 
series of tests a notable point brought out was the varying degrees 
of strength withage. Tensile strength increases with the percentage 
of tin present, but when the solder’s age is increased as a factor, 
the product possesses its maximum value at 60 per cent. tin, show- 
ing this property as similar to that of the melting point and depend- 
ing upon chemical composition. 

For general work, the solder requiring resistance to stress is 60’ 
per cent. tin, but for work requiring little mechanical strength, such 
as sealing, a lower per cent. of tin may be used. 

Generally speaking, all solders are alloys of lead and tin. The 
more lead the alloy contains, above 4o per cent., the higher is its 
melting point, as also the less lead it contains, below 4o per cent., 
the lower is its melting point. 

Nearly all aluminum solders are alloys of tin and aluminum that 
contain from 15 to 25 percent. aluminum. A small per cent. of cop- 
per or nickel, never exceeding 2 or 3 per cent., is sometimes used. 
The exact point of separation between a fusible metal and a non- 
fusible one is very uncertain, thus several additional alloys are given 
in the table. In filling up imperfections in ornamental castings for 
plugs in electrical wiring and on boilers in engineering work, fusible 
alloys are used. Sometimes defects in structural steel have been 
filled in with expanding alloy, and then coveredwith a coat of paint. 
The United States Government rules call for pure Banca tin for 
boiler plugs, but this is not essential and any good tin will serve the 
purpose. 

Experiments have been made in an engineering college quite 
recently for the purpose of finding the way of making solder joints, 
as well as measuring their tensile strength. Any pressure upon the 
solder at the moment of setting diminishes the strength of the 
joint. Thus, in making a solder joint, the upper piece should be 
held above the lower one, the solder fused by means of two blow 
torches, and the pieces brought together by very slow and easy 
pressure. By employing this method, which differs from that 
commonly called ‘‘sweating,”’ the joint is less liable to be broken, as 
the crystalline composition of the resulting mass contains less 
resistance at this time. 

In addition it is found that there is remarkable variation with 
time of the tensile strength of such joints, which is also in accord 
with what would be considered proper by engineering science in 
this field. Under any circumstances the average strength attained | 
does not exceed 27,000 pounds per square inch, and-was obtained 
from solder made with three-fifths of its composition tin. - 

The melting point of alloys which fuse at a low temperature may | 
be found by tying a small wire around a fragment of alloy and hang- 
ing itin a bath of water. A thermometer should be kept in the bath 
and the temperature increased slowly until the alloy melts. The | 
melting point of the alloy can then be noted by the temperature of 


Grade 

Tin | Lead 
Chae ee 100.00 
DePaelun ack ts 63.00 37.00 O°. 
ASH iran. sas, - 50.00 50.00 O°. 
i Lea 49.25 50.00 O°. 
DNS et skeen ¢ 45.00 55.00 °. 
BMS vcualsinin,e:s 43.50 55-00 Ty 
i Nake Sane 40.00 50.00 °. 
Bubs eels sss» 38.00 60.00 a. 
NY ee 37-50 62.50 °. 
PS Rs ee 35-50 62.50 Bis 
Bane teetis soe. os 33.00 67.00 °. 
pla ae 31.00 67.00 2s 
‘2c a 100.00 
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TasLe SHowinc Me tine Pornts or SoLDER METAL 
AMERICAN SOCIETY FOR TESTING MATERIALS 


Formula, Per Cent 


Antimony 


Melting Point 


Degrees Degrees | 
Centigrade] Fahrenheit 


232 449.6 
181 357.8 
181 357-8 
185 305.0 
181 357-8 
188 370.4 
181 357.8 
188 370.4 
181 357.8 
188 370.4 
r8r 357.8 
188 370.4 
327 620.6 


Class A solders are made from new metal only. Class B from at least one- 
half new metal. For galvanized iron and zinc only Class A should be used. 
Grade 4 is suitable for wipe joints. 


Composition AND Merttine Point or Fusipte ALLOYS 


Alloy 


. Steam-boiler plug 
. Steam-boiler plug 
. Steam-boiler plug 
. Steam-boiler plug 
Sir Isaac Newton’s 
Suitable for casts 
Rose’s alloy” 
D’Arcet’s alloy 
Wood’s alloy 
Lipowitz’s alloy 
Expanding alloy 


Lead Tin Bin 
48.4 e251 
44.5 ABD 
42.1 42.1 
10.0 |40.0 | 50.0 
30.0 |20.0 | 50.0 
31.25|18.75 | 50.0 
28.1 |21.9 | 50.0 
25eOni25 Gh fk 50.0 
Ze O Nees SG One 
20.9 |12.7 50.0 
66.7 8.3 


Melting 
Other Point 
Constitu- 
ents 

Cent. | Fahr. 
38.8 I7I | 340 
33.3 I4t | 285 
15.8 B28 1263 
II6 | 240 
I00 | 212 
98 | 208 
: 95 | 203 
Cadmium} 93 | 200 
L265 60 | 140 
I0.4 66 | 150 
25.0 66 | 150 
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the bath. For higher temperature a bath of paraffin or oil is used. 
If bismuth is added to these alloys the melting point is lower, as 
bismuth possesses the quality of expanding on cooling, a property 
which is very unusual in metals. Bismuth is used not only to make 
the alloy or solder more easily worked, by diminishing its melting 
point, but if sufficient quantity be present its expansive tendency 
counterbalances the effects of the contraction of the other metals, 
and the total result is the prevention or reduction of shrinkage in 
the mold. The addition of cadmium still farther lowers the melting 
point of such alloys as those of bismuth, lead and tin, which in 
themselves have very low melting points. 

It is recommended that the grade of solder metal be selected 
which contains the least amount of tin required to give suitable 
flowing and adhesive qualities for the work in hand. 


Brazing or Hard Soldering 


The main difference between soldering and brazing is in the kind 
of metal used in making the joint and in the temperature required 
to melt it. Brazing is done with a torch, in a fire or by dipping 
the joint to be brazed into the molten metal used for making the 
joint. This is called “‘dip”’ brazing. 

Hard solders contain more or less copper and are frequently 
referred to as spelter. A substantial solder contains 60 per cent 
copper, 20 per cent tin and 20 percent zinc. An easily melted - 
yellow, hard solder contains about 45 per cent copper and 55 per | 
cent zinc. This solder is really a brass, but at times is used for | 
soldering, binding and filling purposes. | 

Tests made by F. Grotts, chief metallurgist of the Curtis Aero- 
plane & Motor Co. in 1918, gave valuable information on brazing. 
A copper-zinc alloy (4 parts copper to 1 part zinc) gave a strength 
of 31,200 to 39,800 pounds per square inch. An alloy of 83 per 
cent copper, 17. per cent zinc gave joints somewhat stronger. 
With a flux of boric acid, brazing is easy and satisfactory. | 

Joints brazed with copper-zinc alloys and boric acid in a gas fire | 
nearly all exceeded the maximum strength of the cold-drawn steel | 
used in the tests. 

The oxyacetylene torch, however, gave stronger joint than dip | 
brazing or the gas fire, the strength being in the order named. 

Heat treating by heating to 1600 degrees Fahr., quenching in 
oil and reheating to goo degrees increased the strength of the brazed | 
joint an average of 23 per cent. 

Un-treated brazed joints were 19.2 per cent stronger than 
untreated welded joints. Treated brazed joints were 55 per cent | 
stronger than untreated welded joints. The treated welded joint | 
was 42 per cent stronger than the untreated joint. i 


OXYACETYLENE WELDING AND CUTTING 


Oxyacetylene welding and cutting has made a place for itself in 
almost every metal-working industry. A welding blow pipe mixes | 
oxygen and acetylene gas in the proper proportions to produce a| 
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neutral flame, that is,.a flame with no excess of either gas. It is 
the hottest flame known. Applied to the edges of two pieces of 
metal the concentrated heat melts or fuses the metals together. 
This is cailed autogenous welding. 

One great advantage of this process is that all commercial metals 
san be welded. When the joint is to be made in a metal more than 
#5 inches thick, the edges should be beveled.so that the-welding 
san begin at the bottom and build up. The bevel is usually about 
0-degrees included angle, and is filled gradually with metal from 
the sides as well as from the welding rod used. 

The heat generated by the welding naturally causes expansion 
that must be considered and provided for, otherwise the contrac- 
tion due to cooling may cause trouble. Castings are frequently 
preheated with charcoal, both because it is cheap and because it 
heats slowly. In some cases, such as locomotive frames, gas torches 
ure sometimes used for preheating. The effect of the welding flame 
yn the work can be varied by moving it to or from the work and also 
playing it around on the metal. 

The welding rod used should be carefully selected for the work. 
[In welding some metals, the proper rod will supply the alloys burnt 
nut by the intense heat of the welding flame. Attention should 
ulso be paid to’securing the proper flux for the metal being welded. 
Generally speaking, there are three kinds of fluxes; for cast iron, 
or aluminum and one for brasses and bronzes. The flux is used to 
loat the oxides out of the weld. Some welders of aluminum do 
his with a steel rod flattened at one end, to stir or puddle the oxide 
und scrape it off the surface of the weld. 

In some work where extreme heat is not required, either city or 
natural gas is used with oxygen, instead of acetylene. This com- 
bination is useful in lead storage battery work, soft soldering, silver 
soldering and light brazing. ‘The use of city or natural gas requires 
1 larger tip than where acetylene is used. 

Welding and cutting can both be done mechanically in machines 
having either hand or automatic feed. In such work a lower pres- 
sure is generally used. 

Blow-pipe tips should be cleaned with a soft brass or copper wire. 

There should be a fire-resisting wall between stored tanks of 
oxygen and oxyacetylene, whether the cylinders be full or empty. 

Close values on all cylinders except when they are in use, even if 
they are empty. 

If flame backfires, first, shut off blow-pipe oxygen valve, then 
the acetylene valve. 

It is usual practice to use black hose for acetylene and red hose for 
oxygen. 

The following tables, from the Oxweld Company, on welding and 
cutting contain much useful information. 
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OXWELD WELDING TABLE 


Jan. 1, 1925 
: 12 iy Gas Consumption | »% 
Thickness of Size - Weld- Oe o) 9 a rr 
Metal ing Head or | HS m ag k maa 
Tip Amos gs Oxy- Acety- rao G 
dto | & $m gen, lene, Seas 
© sP%.q| 9 Cubic | Cubic |P gle 
Inch CG w W-14| paoe a5 5 Feet Feet |§9 590 
pars | Raa 3 T 1 W-o 1624) BA |per Hour|per Hour) OF 
32 ° 9 132 —36 0.8 0.7 
28 I 9 |26 -30 15) Tid 
ty 22 2 2 TO) ||'22) —20 4.5 4.2 
ts 16 3 3 10 Ly = 2E 6.6 6.2 oO. 
as 13 4 4 Il |14,-17 8.7 8.3 oO. 
4 IIL 5 5 12 |11}-14 10.8 10.2 oO. 
ts 6 6 14 9 -II 15.0 14.2 oO. 
+ V4 2) 16 7-=9 19.2 18.3 oO. 
4 8 19 44-6} 27.6 26.3 oO. 
4 Io 21 3 -44 36.0 34.3 0.6 
4 12 25 13-24 52.8 50.4 I.4 
I 15 30 I -2 69.7 66.3 2.4 
* Lowest speeds are for inexperienced operators and short welds. High-| 


est speeds are for thoroughly experienced operators and long welds. 
Oxwetp CutTtiInc TABLE 


Jan. 1, 1925 
Cost per Hour 
of 6 Speed Range* Gas . Labor at $0.60 
a ke Consumption Oxygen at 
o ss $0.015 
bo 
9] ovo alah slg agi Meigs HSE 
2 v o o o | 
o 3 a “4 wey Ou 624 Hg wae 
$y | Se [ad | Seu Mel ace |B Sn) bees 
go les | Sa.) segm loam | Sem | oon | Bao | aa | 
ge | 98 | Beal ebay |eseu | Psy | e835 | gem] eae 
8 N Ro AIS O48 | ane o o S24 | 22H 
an BA bu sO oO mOR 80 es owe Ans 
4 | Now 20 | 107-140] 90-139 51 17 1.62 1.79) 
3 25 98-140] 100-151] 108 20 2.52 Qn, 
4 30 89-130] 85-130] 126 22 2.82 3.04 | 
4 Ne. 2 35 78-110] 65- 95| 145 23 3.12 3.35 
I 40 | 64-95) 50- 73) 158 24 Flach 357 
1} 45 38- 60} 34- 45]: 175 ao 3.00 3.95 | 
| 
2 45 44- 60] 33- 46] 248 33 4.82 5.15 _ 
3 No. 3 55 | 37- 51| 25- 36] 205 39 5.61 | 6.00 
4 65 30- 43] I8- 27) 339 42 6.32 6.74) 
5 75.| 224— 35). I12— 10] .382 45 7.00 7.46 
6 75 26— 34] 17-27)" ‘542 47 9.62'| 10.11 
8 No. 4 95 21-273| II- 19] 655 56 T1v27 | 11.83 
5a) 115 | 174-20} 8— 15] (787 63 13.35 | 13.98] 
12 140 | 134-143 6— 13} 949 70 15.89 | 16.59 


* Lowest speeds and highest costs are for inexperienced operators, shor 
cuts, dirty or poor materials. Highest speeds and lowest costs are fc 
thoroughly experienced operators, long cuts, clean and good material. | 
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THE WELDING RODS 


Great improvements have been made in welding rods and rods 
can now be secured that melt and flow freely and unite readily with 


the base metal. They should not only produce clean and sound 


welds, but also allow the weld to be machined if necessary. 
Welding rods should be well cared for and not allowed to rust, as 
this affects the weld. Rods of different sizes are recommended for 
metal of varying thickness, the following table being suggested by 
the Oxweld Company. 


WELDING Rop—Krnps, S1zES AND FLUXES 
SUGGESTED BY THE OXWELD ACETYLENE Co. 


Diam. of For Metal 


Material to : 
Rod to Use Rod, in in 
Weld Inches Inches 
Gray-iron castings. No. 9 cast alloy rods +s Up to } 
Ferro flux } 4-3; 
cy ts 
iy Over } 
Steel plates, sheets, | No. 7 drawn iron rods ve Up to is 
pipes, shapes, etc. copper coated ry 38 
$ ¥ 
ts i 
+ Over 3 
Steel castings No. 1 mild-steel rods 4 Up to 4 
3 q Over 4 
Nickel or chrome steel | No. 3 nickel-steel rods Ai Upto} 
- 6 
ie A rf Over 4 
| High-carbon steel...... No. 2. high-carbon as Up to4 
ve rods ry 4-1 
4 Over I 
Brass, Tobin bronze,| No. 10 drawn Tobin t Upto} 
sheet | bronze rods oe ca 
; 4 Over 
Brass, bronze, copper, | No. 18 drawn Brazo t 4 or over 
malleable iron bronze rod 
' Malleable, brass and| No. 11 drawn man- t Up to} 
bronze castings ganese bronze Brazo ts — 
flux q Over i 
_ Brass, sheet or cast No. 13 drawn brass $ Up to 
\ Brazo flux a6 1-3 
ip 4 Over } 
_ Copper—sheet or cast] No. 12 drawn copper t Up tot 
Brazo flux te }-} 
4 i : + Over ¢ 
Aluminum sheet No. 14 drawn alumi- 4 Up to { 
ef num rod—sheet + Over 
: alum. flux 
~ Aluminum—cast No. 15 lignite rod, cast 5 Upto 
3 alum. flux ra Over 7 


t 
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CUTTING METALS WITH OXYACETYLENE 


The theory of cutting metal with oxyacetylene is very simple. | 
After a small spot of metal has been heated red hot by the combined 
flame, a jet of oxygen is directed against this spot. The iron and | 
oxygen combine to form an iron oxide and burn a narrow slit in the | 
steel. It is not mere melting, but a chemical process, being in | 
reality an extremely rapid form of the rusting action, The oxygen 
jet must be maintained under sufficient pressure to blow away the | 
oxide as fast as it is formed. 

The torch for cutting has a number of jets, part of which heat the | 
metal red hot and the others supply only oxygen for maintaining 
combustion and blowing the oxide out of the way. Steel, wrought | 
iron and cast iron of almost any thickness can be cut, from sheet | 
metal to billets 4 feet thick. Boiler plate } inch thick can be cut at 
the rate of 80 feet per hour and 8-inch armor plate can be cut at | 
17 feet per hour. Beginners in the use of any new apparatus should | 
pay careful attention to the directions supplied by the maker. 


a 


ELECTRIC WELDING 


Resistance (incandescent) welding occurs where a low-voltage | 
current is passed from one surface to the other and fuses the two 
metals together. This has been done for many years. Almost 
any two metals may be welded by clamping them so as to regulate ) 
the heat to the melting point of the metal. 

Spot welding passes the current through the plates to be welded | 
by using an electrode on each side of the plate. This method fuses, © 
or welds the two sheets together between points of contact. Both } 
resistance and spot welding are widely used in manufacturing. | 

Arc welding was a later development and is used in much the | 
same way as the oxyacetylene torch, Direct current is. used) 
and the piece to be welded is usually made the positive terminal. ' 
The welding rod, or carbon, as the case may be, is the negative. ' 
Touching the work with the rod and withdrawing it slightly, draws! 
an arc between them, and the intense heat soon brings the work tol 
the welding temperature. 


ARC WELDING AND CUTTING 


Arc welding uses from 20 to 75 volts. The amperage depends on 
the work. With the carbon arc a voltage of 40 and a current from 
25 to 600 amperes are common. With the metallic arc the voltage 
may be 20 to 30, with an amperage of 50 to 300. For cutting, 
amperage runs up to 1,250, but in general, the current will run 
about as follows: 


ang PS 
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CURRENT FOR WELDING with METALLIC ELECTRODE 
Light work, 25 to 125 amperes; heavy work, up to 250 amperes 


Diameter of Elec- Amperes Used in Hand | Thickness of Plate to be 
trode in Inches Welding Welded in Inches 

i6 50-75 Up to 76 
oF 60-100 Up to ; 
4 80-150 3 up 
es 125-200 q up 

i6 175-225 3 up 
re 200-250 3 up 


For building up metal with a carbon arc on flat surfaces where 

the work is accessible and conditions favorable, the following is 

given, for continuous work. On short jobs of 10 minutes or less, 
the rate may be doubled. 


Rate or Derpositinc METAL 


Current in Cubic Inches Pounds 
Amperes per Hour per Hour 
200 5.4 1% 
300 10.8 3 
400 16.2 44 
500 21.0 6 


In welding cast iron best results are secured by screwing studs 
into the piece each side of the crack and welding the studs to the 
filled metal. 

Non-ferrous metals are not easily welded with the arc on account 
of the high temperature of the arc. Nearly all metals, however, 
_ can be welded electrically by the resistance method. The following 
table from the General Electric Company contains much infor- 
mation as to welding various metals. 

Electric arc welding is affected by the condition of the electrodes. 
Dirty electrodes will not give a good weld. They can be detected 
by noting the kind and amount of sparks given off. Sparks from 

as electrodes will shoot off at all sorts of angles and vary greatly 
‘in intensity. 

_ In welding mild steel to high-speed steel it is necessary to anneal 
properly to secure good results. It is advisable to transfer the hot 
“steel immediately to an annealing furnace or to a carbon pack to 
. slow cooling. 
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168 BRAZING, SOLDERING AND WELDING | 


SPREADING LOCOMOTIVE FRAMES FOR WELDING 


The same condition does not exist in every frame weld. Sonal 
4 by 4-inch frames require more expansion than other frames of the | 
same dimension, due to the location of the break or its relation to | 
some section of the locomotive where more strength is required. | 
When a frame is hard to expand because of its location or on account 
of being closely coupled at the point of fracture, it is very necessary | 
that the expansion be increased a small amount to take care of the | 
contraction that takes place more rapidly when the spreading 
device is taken out. | 

Frame welds are being made with manganese bronze on some | 
roads to avoid the necessity of heating as much as where steel rods| 
are used. 

Table 1 gives the amount frames to be welded should be spread, 
the figures being based on experience. | 


TABLE 1.—AMOUNT OF SPREAD FRamEs SHOULD Br GIVEN FoR 


WELDING 
Frame Section in Inches Inch Spread to be Allowed 
3X4 i 
4X 4 5 
4X43 32 
4X5 Fy 
5 X 6 a 
6X 8 Te 
6X9 3 
8x8 2 


From a paper presented at the October, 1923, meeting, Chicago Section, i 
American Welding Society. 


WELDING LOCOMOTIVE FRAMES BY THERMIT 


When fracture is between jaws they must be spread by using 
screw jack or other form of spreader. The gap should be openec 
from js to 3s inch, depending on the size of the frame and the 
amount of preheating. The longer the preheating the more the 
heat soaks back into the frame and the greater must be the allow: 
ance for contraction. The jack should not be removed too soon— 
about 3 hr. after weld is made is a good average. 

Cast-iron thermit welds are hard to machine because the cas’ 
iron used contains over 3 per cent carbon and makes a high carbor 
steel in the weld. If finishing is necessary, it is usually done by 
grinding. Welds in wrought iron and steel machine more readily} 


GEARING 
GEAR TEETH—SHAPES OF 


Cycloidal or Epicycloidal.—A curved tooth generated by the point 
_ of a circle rolling away from the gear wheel or rack. 

Involute-—A curved tooth generated by unwinding a tape or 
string from a cylinder. The rack tooth has straight sides. 

Involute Standard.—The standard gear tooth has a 14% degree 
pressure angle which means that the teeth of a standard rack have 
straight sides 144 degrees from the vertical. 

Involute—Stubbed—A tooth shorter than the standard and 
usually with a 20-degree pressure angle. 


GEARS—TEETH AND PARTS 


-—Pitch.Diameter_ | 
— Outside Diameter—-—> 


Fic. 1.—Parts of Gear Teeth 


Addendum.—Length from pitch line to outside. 
Chordal Pitch—Distance from center to center of teeth in a 
straight line. 
Circular Pitch.—Distance from center to center of teeth meas- 
ured on the pitch circle, 
Clearance.—Extra depth of space between teeth. 
Coast Side of Tooth—The back of tooth. 
"Drive Side of Tooth.—The side that drives. 
Dedendum.—tLength from pitch line to base of tooth. 
_ Diametral Pitch—Number of teeth divided by the pitch diam- 
__ eter or the teeth to each inch of pitch diameter. 
_ Face.—Working surface of tooth outside of pitch line. 
Flank.—Working surface of tooth below pitch line. 
| Outside Diameter —Total diameter over teeth. 
| Pitch Diameter —Diameter at the pitch line. 
| Pitch Line.—Line of contact of two cylinders which would have 
_ the same speed ratios as the gears. 
| Linear Pitch—Sometimes used in rack measurement. Same as 


| circular pitch of a gear. 
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I70 GEARING 
FORMULAS FOR GEARING 
Having To Get Rule Formula 
The Diametral } The Circular |Divide 3.1416 by the Di- p 3.1416 
Bitch enn Sie Pitch ametral Pitch .......... P 
The Pitch Di- 
fi Divide Pitch Diameter by 
ae and Cee the product of .3183 and|P’= D’ 
of Te SeRt ae Number of Teeth ....... 3183 N 
The Outside Ae i y 
Diameter and The Circular Divide Outside Diameter by "y D 
then Niner Pitch the product of .3183 and|P’——_—____, 
oh eth Number of Teeth plus 2 -3183(N +2) 
The Coe ; 
The continued product of 
7 cree a Pitch Diameter the Number of Teeth, the) D’= NP’ .3183 
Pitch roWae . Circular Pitch and .3183 
ee . eho oy the: miodad 08 Diets ae 
of Teeth an . . er of Teeth an utside 
the Outside Pitch Diameter Diameter by Number of ee N+2 
Diameter ... Teeth’ plus'2 v2 2010.. 
The Oe paboac Sed the sige 
Diameter an . 5s jiameter the product o' =D— 
the Circular{| Pitch Diameter | ‘the Circular Pitch and (P’.6366) 
Pitchi vas see: 1036004); cineca tptaonnene aie 
Addendum and . 
‘ . Multiply the Number of|,,_ 
eee Pitch Diameter Teeth by the Addendum D=Ns 
oe a ehe kee He capac speodact 40 Dp mlaes) 
fo) eeth an . . the Number of leeth plus = +2 
the Circular { |Ovtside Diameter) > ‘the Circular Pitch and] _ P” .3183 
Pitch. s3. SLO Sra isjarciere siete ecoletetermetels 
The Pitch Di- . : : 
Add to the Pitch Diameter 
ameter. and . 5 ~ | D) =!Dt 
: Outside Diameter} the ‘product of the Cir- 
ee Circular cular Pitch and .6366.... (P"-6366) 
ee Tete Multipl Addend b 
fe) eeth an . + ultiply endum Vy pa 
the Adden- | |Outside: Diameter|"" Number of Teeth plus 2 D =s(N+2) 
dum. ivaat. 
The Pitch Di- 
Divide the product of Pitch 
ere and Number of Teeth Dishister and 3.1416 by|N Dae 
Pitch Prenat the Circular Pitch ...... 
The. ee Circular } Tha of One half the Circular Pitch |# = ig 
Multiply the Circular Pitch : 
The — Circular = 
Neh ee } Addendum byeai8s crise ¥ bey! Ss =P! :3183 
The — Circular f Multiply the Circular Pitch ms 
Pitch. ...... } Root by! 23683 35). icjaphieiie ee Sieree 28088 
S| Working” “Depth pe sere the Circular Pitch] px_ pr 6366 
eee pGredlar } Whole Depth basen ts see Circular Pitch) p7_. p/ 6866 
HCD Feb icaisie pligkttar sonestucnedtasy Ipuby. 10S OO La wmanic cia ieee 
bs pneu | Clessance Mutiny pe Circular Pitch f=P! 08 5 
EGR ears ae Dy ORs rs Wintec cera aid 
eee of One tenth the Thickness of| ¢__ 4 
ene } Clearance Tooth at Pitch Line ..../* 10 


GEARING FORMULAS 


FORMULAS FOR GEARING 


Having 


To Get 


Rule 


The 
Piteltiicd tues 
The Pitch Di- 
ameter and 
the Number 
of Teeth: 3. 
The Outside 
Diameter and 
the Number 
of Teeth .... 
The Number of 
Teeth and 
the Diametra] 
- Pitc 
The Number of 
Teeth and the 
Outside Di- 


Addendum and 
the Number 
of Teeth 


The Number of } 


Teeth and the 
Diametral 
Pitch 
ThePitch Diam- 
eter and the 
Diametral 
Pitch, .. 22. 
The Pitch Di- 
ameter and 
the Number 
of Teeth ... 
The Number of 
Teeth and 
Addendum . . 
The Pitch Di- 
ameter and 
the Diametral 
Pitch 
The Outside 
Diameter and 
the Diametral 
Pitch 
The Diametral 
Pitch 


The Diametral 
Pitc 


ts Diametral 
Pitch 


‘The Diametral 
Pitch 


Tooth 


The Diametral 
Pitch 


The Diametral 
Pitch 


The Diametral 
Pitch 


Pitch Diameter 


Pitch Diameter 


Pitch Diameter 


Pitch Diameter 


Outside Diameter 


Outside Diameter 


Outside Diameter 


Outside Diameter 


Number of 
Teeth 


Number of 
Teeth 


Thickness of 
Tooth 


Addendum 
Root 
} Working Depth 
Whole Depth 


Clearance 


Clearance 


Divide 3.1416 by the Cir- 
cular Pitch 


Divide Number of Teeth by 
Pitch Diameter 


Number of Teeth 
by Outside Di- 


Divide 
plus 2 
ameter 


Divide Number of Teeth by 
the Diametral Pitch 


Divide the Product of Out- 
side Diameter and Num- 


ber of Teeth by Number Oe 


of Teeth plus 2 
Subtract from the Outside 
Diameter the quotient of 
2 divided by the Diametral 
Pitch 


Multiply Addendum by the 
Number of Teeth 


Divide Number of Teeth 
plus 2 by the Diametral 
Pitch 


Add to the Pitch Diameter 
the quotient of 2 divided 
by the Diametral Pitch 


Divide the Number of Teeth 
plus 2, by the quotient of 
number of Teeth divided 
by Pitch Diameter 

Multiply the Number of 
Teeth plus 2 by Adden- 
dum 


Multiply Pitch Diameter by 
the Diametral Pitch 


Multiply Outside Diameter 
by the Diametral Pitch 
and subtract 2 

Divide 1.5708 by the Di- 
ametral Pitch 

Divide x by the Diametral 


Pitch or s= = 


Divide 1.157 by the Diam- 
etral Pitch 


Pitch 


Divide 2.157 by the Dia- 
ete 


Tide Thickness of Tooth 


at pitch line by 10...... 
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TABLE OF CORRESPONDING DIAMETRAL AND CIRCULAR PITCHES | 


TABLE No, 1 TABLE No. 2 
pS a Circular Pitch re Diametral Pitch 7 
1} 2.5133 2 1.572 
14 2.0944 1} 1.076 
1} 1.7952 1} 1.795 
2 1.571 18 1.933 
2} 1.396 14 2.094 
ah 1.257 Iq5 2.185 
2} I.142 1} 2.285 
3 13047 175 2.394 
3h 898 1} 2.513 
4 735 It6 2.646 
5 628 if 2.793 
6 +524 175 2.957 
7 -449 I 3-142 
8 393 te 3:351 
9 349 $ 3-590 
10 1314 $8 3.867 
II .286 ¢ 4.189 
12 262 13 4.579 
14 224 g 5.027 
16 196 1s 5-585 
18 175 $ 6,283 
20 G57, is 7.181 
22 1143 $ 8.378 
24 ir git Te 10,053 
26 aL2E 4 12.506 
28 -I12 ts 16.755 
30 +105 4 25-133 
32 .098 py 50.2606 
36 +087 
40 079 
48 065 


No. 1 table shows the diametral pitches with the corresponding 
circular pitches. 

No. 2 table shows the circular pitches with the corresponding 
diametral pitches. } | 

It is most natural to think of gears in circular or linear pitch and | 
we soon get to know the size of any pitch, as 12, as being a little | 
over ¢ inch from center to center. But the diametral system has 
many advantages in figuring gear blanks, center distances, etc. ‘ 

The Center Distance of any pair of spur gears is found by adding 
one-half the pitch diameter of both gears. 
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CONSTANTS FOR DETERMINING CHORDAL PITCH AND 
RADIUS OF SPUR GEARS 


= Chordal Pitch of Teeth. 
R = Radius of Pitch Circle. 
N = Number of Teeth. 
C = Constant. (See table below.) 

‘ Radius of pitch circle 
<P a Constant for number of teeth 
Radius of pitch circle = Constant X chordal pitch. 
Radius of pitch circle 


Chordal pitch of teeth 

EXAMPLES: 1. What is radius of pitch circle of a gear having 45 
teeth, r{inch pitch? Follow 4o in table to column 5 (making 45 
teeth), and find 7.168. Multiply by pitch, 1} inch, and get 12.54 
inches radius or 25.08 pitch diameter. 

2. What is the chordal pitch of a gear 32 inches pitch diameter, 
67 teeth? Follow 60 in table to column 7 and find 10.668. Divide 
ei (z of 32 = 16 inches) by constant. 16 + 10.668 = 1.5 inch 
pitch. 

3. What number of teeth has a gear of 1.5 inch chordal pitch and 
pitch diameter 32 inches? Divide by 2 to get radius. Divide this 
by chordal pitch which will give constant. 16 + 1.5 = 10.666. 
Look in table for this constant’ which will be found to represent 
67 teeth. 


Constant for any number of teeth 


TABLE OF CONSTANTS 


a a 
0| 0.000] 0.000} 0.500} 0.577] 0.707| 0.851] 1.000] 1.152] 1.307] 1.462 
Io} 2.618] 1.774) 1.932] 2.080] 2.247] 2.405] 2.563} 2.721] 2.879) 3.038 
20| 3.196] 3.355] 3.513) 3.672] 3.831) 3.080] 4.148] 4.307]. 4.465] 4.624 
30| 4.783] 4.942] 5.101] 5.260] 5.419) 5.578] .737| 5.806) 6.055] 6.214 
40| 6.373] 6.532] 6.601] 6.850} 7.000] 7.168] 7.327) 7.486] 7.645] 7.804 
50} 7.963] 8.122) 8.281} 8.440] 8.599) 8.758] 8.918] 9.077] 9.236] 9.305 
60} 9.554] 9.713} 9.872] 10.031] 10.190] 10.349] 10.508] 10.668} 10.827] 10.986 
70) IL.145| 11.304] 11.463] 11.622] 11.781] Ir.940] 12. 


240 | 38.203] 38.362] 38.521] 38.680} 38.830] 38.999] 39.158] 39.317] 30.476] 39,635 
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GEAR WHEELS 
TABLE OF TOOTH PARTS—DIAMETRAL PITCH IN FIRST COLUMN 


re [8g] alae gg. [3 
ella |e E 3 og | 3 
qa a8 g a 3 3 
3 g ma is) aa e a 
El 2 | aaey pe aad geo) Sg ieee 
3 a o 
A \ia3 a 2 E a E 
P Pp t s D" stf D'+f 
i 
4| 6.2832 3.1416 2.0000 4.0000 2.3142 4.3142 
#| 4.1888 2.0944 1.3333 2.6666 1.5428 2.8761 
1 | 3.1416 1.5708 1.0000 2.0000 I.1571 2.1571 
14] 2.5133 1.2566 .8000 1.6000 -9257 1.7257 
14} 2.0944 1.0472 -6666 1.3333 -7714 1.4381 
1#| 1.7952 .8976 5714 1.1429 6612 1.2326 
2| 1.5708 7854 «5000 I.0000 5785 1.0785 
2}| 1.3963 .6981 -4444 8888 -5143 -9587 
24| 1.2506 -6283 -4000 .8000 -4628 -8628 
23] 1.1424 25712 -3636 +7273 -4208 +7844 
3) |” 21-0472 5236 3333 -6666 -3857 +7190 
34| .8976 4488 2857 5714 3306 -6163 
4 -7854 3927 +2500 +5000 2893 +5393 
5 -6283 3142 «2000 .4000 +2314 -4314 
6 -5 236 .26018 .1666 3333 -1928 +3595 
uh -4488 -2244 -1429 -2857 -1653 -3081 
8 +3927 -1963 .1250 .2500 -1446 .26096 
9 +3491 “1745 -IIII +2222 -1286 +2397 
10 3142 Dog -1000 .2000 ~LESY. -2157 
II -2856 -1428 -0909 1818 -1052 -196r 
12 2618 -1309 -0833 -1666 .0964 -1798 
13 <2417 -1208 .0769 1538 -0890 .1659 
14 -2244 -Li22 .O714 .1429 .08 26 -1541 


To obtain the size of any part of a diametral pitch not giveninthe | 
table, divide the corresponding part of 1 diametral pitch by the | 
pitch required. 


As it is natural to think of gear pitches as the distance between | 
teeth the same as threads, it is well to fix in the mind the approxi- 
mate center distances of the pitches most in use. Or it is‘easy to | 
remember that if the diametral pitch be divided by 34+ we have the 
teeth per inch on the pitch line. By this method we easily see that 
ina ro diametral pitch gear there are approximately 3 teeth per inch 
while in a 22 diametral pitch there will be just 7 teeth to the inch, 


TOOTH PARTS I75 
TaBLE oF TootH Parts—Continued 
DIAMETRAL PITCH IN FIRST COLUMN 
3 5.18, 8 88 8 
3 oe g 4 a4 
an he Ha EI : og 3 
z Bs A? g a ‘3 a 
4 a: “3 2 23 E Ae 
Ae || gee poe ee oe |e 
Un a a 2 5 a 5 
P Pp’ t s D" stf D'+f 
I5| .2094 .1047 .0666 1333 .O771 -1438 
16) .1963 .0982 .0625 -1250 07 23 1348 
17| .1848 -09 24 -0588 1176 .0681 -1269 
18| .1745 .0873 0555 -IIII 0643 1198 
19| .1653 .08 27 -0526 .1053 -0609 +1135 
20| .157I 0785 +0500 -I000 -0579 -I079 
22] .1428 -O714 +0455 -0909 .0526 -0980 
24| .1309 .0654 -O417 -0833 .0482 -0898 
26) .1208 .0604 -0385 .0769 10445 .0829 
28) .1122 .0561 0357 0714 0413 .0770 
30] .1047 +0524 -0333 -0666 -0386 -0719 
32| .0982 +0491 +0312 .0625 .0362 .0674 
34| .0924 .0462 -0294 -0588 +0340 .06034 
36) .0873 0436 .0278 +0555 +03 21 +0599 
38] .0827 10413 .0263 .05 26 +0304 -0568 
40} .0785 +0393 +0250 +0500 -0289 +0539 
42] .0748 0374 -0238 ‘0476 +0275 +0514 
44] .0714 -0357 .0227 0455 .0263 .0490 
46] .0683 .0341 -0217 -0435 .0252 .0469 
48} .0654 .03 27 .0208 -O4I7 -O24T +0449 
50| .0628 0314 .0200 -0400 0231 +0431 
56] .0561 .0280 .0178 -0357 .0207 -0385 
60} .0524 .0262 .0166 0333 .0193 -0360 


To obtain the size of any part of a diametral pitch not given in the 
table, divide the corresponding part of x diametral pitch by the 


pitch required. 


As it is natural to think of gear pitches as the distance between 
teeth the same-as threads, it is well to fix in the mind the approxi- 
Or it is easy to 
remember that if the diametral pitch be divided by 34 we have the 
teeth per inch on the pitch line. 
in a ro diametral pitch gear there are approximately 3 teeth per inch 
while in a 22 diametral pitch there will be just 7 teeth to the inch. 


_ mate center distances of the pitches most in use. 


By this method we easily see that 
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GEARING 


GEAR WHEELS 


TABLE OF TOOTH PARTS—CIRCULAR PITCH IN FIRST COLUMN 


ay ‘3g | 2 a ge fas 4 zy 
alea| Slee |g Srl aa leg. By i 
2) 44 A od Q = ee BA H 
GH) Seg] aoa} ae Be alt ae ee pa ens 
H/6e] 2 |48, |-33 | #8 E 2 | sae Yo Pe 
eles| # |388| 28 | #2.| #8 | 48 | 22 | se 
oO .g aq 1) oie} AS a} 
Ole" | ade: |e | Bets | ees 
feat 3 Pf é Ss DD stf | DY +f | P’X.31 |P’XK.335 
el | f 
2 $ | 1.5708] r.0000] .6366 | 1.2732] .7366 | 1.3732] .6200 | .6700 | 
1% | ws |1-6755] .9375] -5968 | 1.1937] .6906 | 1.2874] .§813 | .6281 
1% % |1.7952| .8750] .5570 | 1.1141| .6445 | 1.2016] .5425 | .5863 
1% | ats | 21-9333] .8125| .5173 | 1-0345] 5985 | 1.1158] .5038 | 5444 
14 | 4% | 2.0944) .7500) .4775 | -9549] -5525 | 1.0299] .4650 | .5025 
Lys] $$ | 2.1855] .7187| .4576| .ors5z| .§204.| .9870| .4456 | .4816 | 
1% | 3 | 2.2848] .6875] .4377 | .8754] .5064.| .9441| .4262 | .4606 
ry # | 2.3562! .6666| .4244 | .8488] .4910| .9154] .4133 | .4466 
Iz5| 4# | 2.3936] .6562] .4178| .8356] .4834 | .90r2] .4069 | .4397 
1} $ | 2.5133] .6250| .3979 | -7958] .4604 | .8583] .3875 | .4188 
Ig5| 48 | 2-6456| .5937|..3780| .7560| .4374.| .8156| .3681 | .3978 
14 $ |2.7925| .5625| .3581 | -7162] .4743.| 7724] .3488 | .3769 | 
tqzg|. £7 | 2.9568) .5312] .3382 | .6764] .3913 | -7295| -3294 | .3559 
Telus 3.1416] .5000] .3183 | .6366) .3683 | .6866] .3100 | .3350 _ 
£8| 11's | 3.3510) .4687| .2984 | .5968] .3453 |, -6437] .2900 | .3141 
4] It | 3.5904] .4375| -2785 | -5570| -3223 | .6007] .2713 | .2031 
$8] 1385 | 3-8666]} .4062] .2586 | .5173] .2993.| -5579| -2519 | .2722 
$| 14 |3.9270| .4000] .2546] .5092] .2946| .5492] .2480 | .2680 
#114 |.4.1888] .3750] .2387 | .4775| .2762.| .5150) .2325 | .2513 
44) 14 | 4.5696] .3437| .2189 | .4377] .2532| .4720] .2131 | .2303 
4| 1% | 4.7124] .3333| .2122 |.4244| .2455 | .4577| .2006 | .2233 
&] 1% | 5.0265] .3125] .1989 | .3979] -2301 | .429r| .1938 | .2094 
$| 1% | 5.2360] .3000} .1910| .3820] .2210| .4120| .1860 | .2010 
#| 12 | 5.4978] .2857| .1819 | .3638] .2105 | .3923] .1771 | .1914 
ts| I$ |5.5851| .2812] .1790| .3581|..2071 | .3862| .1744| .1884 


To obtain the size of any part of a circular pitch not given in the 
table, multiply the corresponding part of 1” pitch by the pitch 


required, 


As an example take a gear having 21 diametral pitch to find the 


various tooth parts. 


Take x diametral pitch and divide 3.1416 by 


21 to find the corresponding circular pitch, which is .14951. The 


tooth thickness is 1.5708 + 21 


= .0748; the addendum is 1. + 21 
= .04761; the working depth is 2. + 21. = .09522; the depth below 
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TaBLe OF Tooru PARTS 
CIRCULAR PITCH IN FIRST COLUMN 


| 


a bone ad =| ov os ' vg 
2H = 99 di en og to) bo] 
oa 2 ah, alse pemeeal gerard Ex E 
ee | ee lee (8el ae |e. | ES 

a a o Ss wt et 
aa) §.(43.|22/28| oe | 99 | 23 | ce 

g | 238 | 88 |S] 48 | 38 | 23 | ac 

fy | 8 | 264 | 33 | se} 83 ge so | Be 
= ala 2 |S | A = E 

wn 

: P t s | DY] stf | D'+f| P’X.31|P’X.335 


6.2832] .2500 |.1592|.3183| .1842 | .3433 | -1550 | .1675 
2t | 7.0685) .2222 |.1415|.2830| .1637 | .3052)| .1378 | .1489 
2% | 7.1808] .2187 |.1393|.2785| .r6rz | .3003 | 1356 | .1466 
241|'7.3304 | .2143 |.1364|.2728| .1578 | .2942,) .1328 | .1436 
24 |. 7.8540] .2000 |.1273].2546| .1473 | .2746 | .1240] .1340 
2% | 8.3776) .187'5 |.1194|.2387| .1381 | .2575 | .1163 | .1256 
2% | 8.6394] .1818 |.1158].2316] .1340| .2498 | .1127 | .1218 
3 9.4248 | .1666 |.1061r].2122| .1228 | .2289 | .1033 | -1117 
3% | 10.0531 | .1562 |.0995|.1989| .1151 | .2146 | .0969 | .1047 
34 | 10.4719] .1500 |.09§5|.19T0| .rr05 | .2060 | .0930 | .1005 
10.9956 | .1429 |.0909].1819] .1052 | .1962 | .0886 | .0957 
4 |12.5664] .1250 |.0796].1591| .ogar | .1716 | .0775 | .0848 
4k | 14.1372] .rz11r |.0707|.r415] .0818 | .1526 | .0689 | .0744 
5 15.7080 | .1000 |.0637]|.1273] .0737 | .1373 | 0620 | ‘0670 
54 | 16.7552] .0937 |.0597|.1194| .0690 | .1287 | .o581 | .0628 
53 [17.2788] .ogog |.0579|.1158] .0670 | .1249 | .0564 | .o609 
6 | 18.8496] .0833 |.0531|.1061] .0614 | .1144.| .0517 | .0558 
6} | 20.4203 | .0769 |.0489].0978] .0566 | .1055 | .0477 | .0515 
7 | 21.9911} .0714 |.0455].0910] .0526 | .og8r | .0443 | .0479 
7% | 23.5619 | .0666 |.0425].0850] .0492 | .o917 | .0414 | .0446 
8 | 25.1327 | .0625 |.0398].0796| .0460 | .0858 | .0388 | .o419 
9 | 28.2743 | .0§55 |.0354].0707| .0409 | .0763 | .0344 | .0372 
IO | 31.4159 | .0500 |.0318].0637| .0368 | .0687 | .0310 | .0335 
16 | 50.2655 | .0312 |.0199].0398] .0230 | .0429 | .o194 | .0209 
20. | 62.8318] .0250 |.0159].0318] .0184 | 0343 | .o155 | .0167 


BL combo itoantfaMstehompatsls rea nctwohotsf omnes | y | Circular Pitch 


To obtain the size of any part of a circular pitch not given in the 
table, multiply the corresponding part of 1 pitch by the pitch 
required. 


pitch line is L.1§71 + 2m = .ogsr and the whole depth is 2.1571 + 
21 = .1027 inches. These could also. have been obtained by split- 
ting the difference between the figures for 20 and 22 pitch. The 


same can be done for circular pitch except that we multiply instead 
of divide. : 
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LAYING OUT SPUR GEAR BLANKS 


DrEcIE upon the size wanted, remembering that 12-pitch teeth 
are 74; deep and 8-pitch—as in the drawing—# deep, etc. Should 
it be 8 pitch, as shown in the cut, draw a circle measuring as many 
eighths of an inch in diameter as there are to be teeth in the gear. 
This circle is called the Pitch Line. Then with a radius % of an inch 
larger, draw another circle from the same center, which will give 
the outside diameter of the gear, or % larger than the pitch circle. 
Thus we have for the diameter of an 8-pitch gear of 24 teeth, *,°. 
Should there be 16 teeth, as in the small spur gear in the cut, the 
outside diameter would be 4,4, the number of teeth being always 
two less than there are eighths—when it is 8 pitch—in the outside 
diameter. 


8 Pitch - 24 Teeth 
3%” Outside Diam. 


8 Pitch - 16 Teeth 
2%" Outside Diam. 


Fic. 2.—Laying Out a Pair of Gears 


The distance from the pitch line to the bottom of the teeth is the 
same as to the top, excepting the clearance, which varies from % of 
the pitch to ;y of the thickness of the tooth at the pitch line. This 
latter is used by Brown & Sharpe and many others, but the clear- 
ance being provided for in the cutters the two gears would be laid 
out to mesh together just 2. 

These rules apply to all pitches, so that the outside diameter of 
a 5-pitch gear with 24 teeth would be 4°; if a 3-pitch gear with 40 
teeth it would be 42. Again, if a blank be 4§ (%?) in diameter, and 
cut 6 pitch, it should contain 23 teeth. “; 


Actua Size or DIAMETRAL PITCHES 


_It is not always easy to judge or imagine just how large a given 
pitch is when measured by the diametral system. To make it 
easy to see Just what any pitch looks like the actual sizes of twelve 
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2 aebeble Ae ees 


20 P. 18 P. 16 P. 
0.1571 C.P. 0.1745 .C.P. 0.1963 C.P. 
1.270 M.M. r.411 M.M. 1.587 M.M. 

14 P. 12 P. 10 B. 
0.2244 C.P. 0.2618 C.P. 0.3142 C.P. 
1.814 M.M. 2.116 M.M. 2.540 M.M. 

9 1Ex 8 P. 
0.3491 C.P. f 0.3927 C.P. 
2.822 M.M. 3.175 M.M. 
fs 6P 
0.4488 C.P. 0.5236 C.P. 
3.628 M.M. 4.233 M.M. 
&P, 42s 
0.6283 C.P. 0.7854 C.P. 
5.080 M.M. 6.350 M.M. 


C.P. = Circular Pitchh M.M. = m/m Module. 
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diametral pitches are given on the preceding page, ranging from 2c 
to 4 teeth per inch of diameter on the pitch line, so that a good idea 
of the size of any of these teeth can be had at a glance. 


PRESSURE ANGLES 


THE pressure angles of gear teeth means the angle at which one 
tooth presses against the other and can best be shown by the pinion 
and rack, Figs. 3 and 4. 

The standard tooth has a 14}-degree pressure angle. As the 
sides of an involute rack tooth are straight, and at the pressure 


| } 
! 
Natasa or Bottom \ pase Circle for Tooth Arcs HH 
ae Depth “| Pitch Circle — Lr 
> Outside Diameter ; ! 
: \ 4 
\ aS \ 2 / 
‘ \ 
: \ xe 
: ‘ wy Ss 


ae S 


Fic. 4.—Stubbed Tooth 


So 
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angle from the perpendicular, draw the line ot pressure at 144 
degrees from the pitch line. 

The difference between the 144- and 20-degree pressure angles 
can be seen by comparing Figs. 3 and 4. Not only is the tooth 
shorter, but the base is broader. 


STUB-TOOTH GEARS 


Any tooth shorter than the regular standard length is called a 
“stub” tooth, but like the bastardthread there have been many 
kinds. In 1899 the Fellows Gear Shaper Company introduced a 
short tooth with a 2o-degree pressure angle instead of the usual 
143-degree. This gives a broader flank to the tooth and makes a 
stronger gear, especially for small pinions where strength is needed. 
While the Fellows tooth is shorter than the standard tooth there is 
no fixed relation between them, as, on account of the tooth depth 
graduations of the gear shaper, it was thought best to give the new 
tooth depth in the same scale which is shown in table on this page. 
This means that if the pitch is 4 it has the depth of a 5-pitch stand- 
ard tooth divided as shown. The clearance is one-quarter the 
addendum or dedendum. 

Gear TootH Parts (20-DEGREE Sarai ANGLE, StuB-TootH 
Form 
THE FELLOWS GEAR SHAPER CO. STANDARD 


Dimensions in Inches 


Diametral 
Pitch Thickness Dedendum| _Whole Double 
on Pitch | Addendum Plus Depth of | Depth of 
Line Clearance Tooth Tooth 
015236 !1- o)2ROO. |1e0. 31253.) ons62e5 |) Dir250 
é ©.3927 | 0.2000 | 0.2500 | 0.4500 | 0.Q000 
3 0.3142. | 0.1429 | 0.1786, | 0.3215. | 0.6430 
2 0.2618 | 0.1250 | 0.1562 | 0.2812 | 0.5625 
é 0.2244 | O.I1Ir | 0.1389 | 0.2500 | 0.5000 
zo 0.1963 | 0.1000 | 0.1250 | 0.2250 | 0.4500 
# 0.1745 0.0909 | 0.1136 | 0.2045 | 0.4090 
45 Oyls7T {1010822 Who. To42) Wolr87 5 ose 760. 
i 0.1309 | 0.c714. | 0.0893. | 0.1607 | 0.3214 
+é 0.1208 | 0.0625 | 0.0781 | 0.1406 | 0.2812 
42 ©.1122 | 0.0555 | 0.0694 | 0.1250 | 0.2500 
43 ©.1047 |\,0.0500, | 0.0625), | Ourr25 |} 0.2250 
4s 0.0982 | 0.0476 | 0.0595 | 0.1071 | 0.2142 
ag 0.0924 0.0454 0.0568 0.1023 0.2046 
4h . 0.0873 0.0417 0.0521 0.0037 0.1875 
42 0.0827 | 0.0400 |} 0.0500 | 0.0900 | 0.1800 
$3 0.0785 0.0385 0.0481 0.0865 ommayfoh« 
a 0.0748 | 0.0357 2.0446 | 0.0803 0. 1607 
$2 0.0714 | 0.0345 | 0.0431 | 0.0776 | 0.1552 
#3 0.0683 0.0330 | 0.0412 0.0742 | 0.1485 
3 0.0654 | 0.0312 | 0.0391 | 0.0703 | 0.1406 
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OuTsIpE DIAMETERS OF StuB TootH GEARS 


No. Teeth I Add 
Pitch Dia. ——— Add: = : Clear = 
Numerator Pitch Denom. Pitch 
I 
Out.Dia.. = Psp % Ded. = ——— 
rs SE m. Pitch Denom. Pitch 
Pitch t | t | 5 | 4 | $ 1s fr 12 1a a¢ 
Num- 
ber of 
Teeth 
14 5.167] 3.900] 3.086] 2.583] 2.222/1.950|1£.738|1.567|£.310| .970 
I5 5.500] 4.150] 3.286] 2.750] 2.365]2.075|1.849|1.667|1.393|1.033 
16 5.833] 4.400] 3.486] 2.917] 2.508|2.200|1.960|1.767|I.476|1.005 
V7 6.167] 4.650) 3.686] 3.083] 2.651|2.325|2.071|1.867|1. 560|1.158 
18 6.500] 4.900] 3.886] 3.250] 2.704|2.450|2.182|1.967|L.643|1.220 
19 6.833] 5.15C] 4.086] 3.417] 2.937|2.575|2-292|2.067|1.726|1. 283 
20 7.167| 5.400| 4.286] 3.583] 3.080]2.700|2.404|/2.167|1.809]1. 345 
22 7.833] 5.900] 4.686] 3.917] 3.365|2.950]2.626]2.367|1.976|1.470 
24 8.500] 6.400] 5.086] 4.250] 3.651]3.200|2.849|2.567|2.143]1.505 
26 9.167] 6.900| 5.486] 4.583] 3.937]3.450|3.071|2.767|2.310/r.720 
28 9.833] 7.400] 5.886] 4.917] 4.222|3.700|3.203|2.967]2.476|1.845 
30 |10.500] 7.900] 6.286] 5.250] 4.508]3.950|3-515|3.167|2.643|1.970 
32 |11.167] 8.400] 6.686] 5.583] 4.794]4. 200|3.738]3.367|2.800|2.005 
34 |11.833] 8.900] 7.086] 5.917] 5.080]4.450]3.960|3.567|2.976|2.220 
36 |12.500] 9.400] 7.486] 6.250] 5.365|4.700/4.182]3.767|3.143]2.345 
38 |13.167] 9.900] 7.886] 6.583] 5.651|4.95014.404|3.967|3.310]2.470 
40 |13.833]10.400| 8.286] 6.917| 5.937|5.200/4.626/4.16713.476|2.595 
42 |14.500/10.900] 8.686] 7.250] 6.22215.450|4.849|4.367|3.643]2.720 
44 |15.167|11.400] 9.086] 7.583] 6.508!5.700|5.071|4.567|3.800]2.845 
46 |15.833|11.900] 9.486] 7.017] 6.794]5.950|5.293|]4.767|3.976|2.970 
48 |16.500]12.400] 9.886] 8.250] 7.080]6. 200|5.515|4.967|4.143]3.095 
50 |17.167|12.900|10. 286] 8.583] 7.365|6.450/5.738|5.167]4.310]3.220 
52 |17.833|13.400]10.686] 8.917] 7.651|6.700|5.960|5.367|4.476|3.345 
54 |18.500]13.900]11.086] 9.250] 7.937|6.950|6. 182]5.567|4.643|3.470 
56 |19.167|14.400]11. 486] 9.583] 8.222|7.200|6. 404|5.767|4.800]3. 505 
58 |19.833]14.900|11.886] 9.0917] 8.508]7.450|6.620]5 .96714.976]3.720 
60 |20.500]15.400]12.286|10. 250) 8.794]7.700|6.840]6. 167|5.143|3.845 
62 |21.167|15.900]12.686|10.583] 9.080]7.950|7.071|6.367|5.310|3.970 
64° |21.833]16. 400]13.086]10.917] 9.365|8. 200]7. 203|6.567|5.476]4.005 
66 |22.500]16.900]13.486]11.250| 9.651]8.450|7.515|6.767|6.643|4.220 
68 |23.167]17.400]13.886|11.583] 9.937|8.700|7.738|6.967|6. 8009/4. 345 
70 |23.833|17.900]14. 286]1L.917|10.222]8.950]7.960|7.167|6.976|4. 470 


GEAR BLANKS 


TABLE FOR TURNING AND CUTTING GEAR BLANKS 
FOR-STANDARD LENGTH TOOTH 


Pitch ‘T5008 | as Fat ES 8 Pitch 16, i} sx2 Sl x0 
ee +135 | «180 | +216 1 +270 a KAN «180 +216 
ree Outside Diameter nee Outside Diameter 
Io ye I 1r9 1% 51 318 | 425 S10 
Ir te Iqs 175 1% 52 3% 4is 510 
12 F Izy seen et 53. | 3rs| 472 | Sto 
13 43 | Ide | tf | 18 |] 54 | 34 | 4am | 5x 
i4 qT Iyy Ix | 2 55 |3te| 473 510 
m5 | tres | ts | iyo | 28) 56 | 38 | 412 | Sts 
TO | 18 | In | 115 . sf 318 | 4t3 | Sr0 
17 Tyg. | liz jo | 2 5 3% 5 
18 | 1% tz | 2 2) || 59 |3té| Stz | Oro 
19 |-Iys-| ten | 220 | 28 |] 60 | 38 | S¥e | Oy 
20 13 1d} 2rp.| 22 > Or | ate | daz | 625 
21 ree rae | Say) | Se Me 62 bo) 4 Sia | 67% 
2253) I | 2 2i0 | 3 63. | 47s] Siz | Oro 
235 | ie | 2r2 | 220 | 3f || 64) | 4% |) Saxe lo Ors, 
24 | 18 aye | 24 34] 65 | 4ts | Sra | Ore 
25 +4 2a5 2roy |3s 66 | 44 St 6x5 
26 | 13 | 2 | 210 |.38 || 67 |4re| Stz | S10 
27 The 2ae | 2 | BR || OS 4g | bee | 7 
28 | 1§ | 2% | 3 3¢ || 69 | 41] 5st | 720 
29 | 116 | 212 | 3x0 | 36 || 7° | 4% | 6 76 
go | 2 atx | 310 | 4 72 | 4s | Ore | 720 
31 Qis | 21x | S10 | 46 \| 725148. |) Grealevan 
32°] 25 248 | 30 | 42 1 73 | 48 | Os | 720 
33 | 21s | 2i2 | 3yp | 48] 74 | 44. | Or | 725 
7 Rb Nec te 3i5 | 42] 75 | 418 | Ors | 749 
852i el Stee ln Stoo oF H- 70-)| 46 Or 79 
36 23 315 310 | 4¢ 77 | 4té Ora 710 
37 2z5 312 310 | 4% Roo eS , Or; 8 
BOP 23 seal ga 4a 4e§ 79 | 5r6| Org | 825 
BO ere dost 4ty | 5¢ || 80 | 5% or 875 
40 | 23 3rz | 4% | 54 ]) 8t | 5re| Sra | Siro 
41 23 3rz | 440 |-58 82 | 54 7 810 
42 2 3ix | 4x0 | 54 || 83 | 5x5) 722 | Sito 
43° | 218 | 3rz | 4a0 | 58 |] 84 | 58 | 72 | 8x 
44 | 26 | 3% | 4%o | 5$ |) 85 | Sae| 72 | Bro 
ig AE ie ar Peel el cp gad WeoeteKoy ed Wy ALTE) ts 81 
46 | 3 4 4t0 | © 87 | 583 | 7a2 | S810 
47 | 3s |.4rz | 420 | 63 || 88 | 58 | 7 | 9 
48 | 38 |.-4%e | 5 64 || 80 |5ié| 713 | 90 
49 | 3r6 | 4t2 | Sup | 6% || 9° [54 | Zaz | Oxo 
50 | 3f Avs | Say | OF |] 092 | 548 | Fae | Oro 
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PITCH DIAMETERS OF GEARS 
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188 GEARING 
B. & S. INVOLUTE GEAR TOOTH CUTTERS 


No. 1. will cut wheels from 135 teeth to a rack. 

No. 1} will cut wheels from 80 teeth to 134 teeth. 
No. 2. will cut wheels from. 55 teeth to 134 teeth. 
No. 2} will cut wheels from 42 teeth to 54 teeth. 
No. 3. will cut wheels from 35 teeth to 54 teeth. 
No. 34 will cut wheels from 30 teeth to 34 teeth, 
No. 4 will cut wheels from 26 teeth to 34 teeth. 
No. 4} will cut wheels from~ 23 teeth to 25 teeth. 
No. 5. will cut wheels from 21 teeth to 25, teeth. 
No. 5} will cut wheels from ro teeth to 20 teeth. 
No. 6 will cut wheels from 17 teeth to 20 teeth. 
No. 64 will cut wheels from 15 teeth to 16 teeth. 
No. 7 will cut wheels from 14 teeth to 16 teeth. 
No. 7} will cut wheels from 13 teeth to 14 teeth. 
No. 8 will cut wheels from 12 teeth to 13 teeth. 


The eight cutters represented by the whole numbers constitute the 
regular set of cutters generally used for each pitch of tooth. The 
half numbers increase the set to 15 and give teeth which are theo- 
retically more correct. In some work special cutters are used for 
each gear but the 15 cutters in a set offer all that most cases require. 


TABLE SHOWING DrEptH oF SPACE AND THICKNESS Or TooTH 
IN SPUR WHEELS, WHEN CUT WITH THESE CUTTERS 


Pitch Depth to be | Thickness of Pitch Depth to be | Thickness of 
of cut in Gear | Tooth at Pitch of cut in Gear | Tooth at Pitch 
Cutter Inches Line. Inches || Cutter Inches Line. Inches 
1} 1.726 1.257 It .196 143 
14 1.438 I.047 . 12 .180 -I31 
1} 1.233 898 I4 154 ' 112 
2 1.078 785 16 1135 .098 
2t 958 -697 18 .120 .087 
a4 .863 -628 20 -108 .079 
at 784 -570° 22 .098 .O71 
2 -719 +523 24 .090 065s 
34 .616 -448 26 083 .060 
4 +539 -393 28 O77 .056 
5 431 314 30 .072 052 
6 +359 -262 32 067 040 
7 -308 +224 36 .060 O44 
8 -270 196 40 054 -039 
9 -240 175 48 -045 +033 
10 +216 +157 


BLOCK INDEXING IN CUTTING GEAR TEETH 


Block or intermittent indexing is a method to increase the output of 
gear cutters by allowing the feed and cutting speed to be increased 
without unduly heating the work. This is done by jumping 
from the tooth just cut to a tooth far enough away to escape the 
local heating and on the following rounds to cut the intermediate 
teeth. While the indexing takes a trifle more time, the heat is 
distributed so that faster cutting can be done without heating and 
dulling the cutter. 

The following table gives the indexing of gears from 25 to 200 
teeth and is worked out for the Brown & Sharpe gear cutter but can 
be modified to suit other machines. 
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190 GEARING 


THE DIMENSIONS OF GEARS BY METRIC PITCH 


Module is the pitch diameter in mm. divided by the number of 
teeth in the gear. 

Pitch diameter in mm. is the Module multiplied by the number 
of teeth in the gear. 

M Module. 


D’ = The pitch diameter of gear. 
D = The whole diameter of gear. 
N = The number of teeth in gear. 
D" = The working depth of teeth. 
t = Thickness of teeth on pitch line. 
f = Amount added to depth for clearance. 
Then 
dD’ D 
M-= N or Wao 
D!' =NM. 
D =(N+2))M 
woe eee? 
Rill gers rang 
D” = 2M. 
Lo= ME 1.8708 Figes 
_ M 2.5708 _ 
ia an ee = 157 M. 


The Module is equal to the part marked “‘S” in cut, measured 
in mm. and parts of mm. 

Example: Module = 3.50 mm. roo teeth. 

Pitch diameter = 3.5 X 100 = 350 mm. 

Whole diameter = (100 + 2) X 3.5 = 357 mm. 


Pircues Commonty Usrp—Mopvutr in MILiimMetrers 


Module sala oe aa Module a 
Diametral Pitch Diametral Pitch 

+ mm. 50.800 4.5 mm. 5.644 
rs 33.867 eae 5.080 
I 25.400 gen 4.618 
1.25 20.320 6 4.233 

a5. 16.933 7 3.628 
MS ee. 14.514 8 3-175 
2 12.700 9 2.822 
2.25 11.288 10 2.540 
2.5 10.160 It 2.309 
2.75 9.236 12 2.117 > 
3 8.466 14 1.814 
3-5 7-257 16 1.587 
4 6.350 


MEASURING SPUR ‘GEARS Igt 


MEASURING SPUR GEARS BY THE USE OF PINS 


Spur-gear teeth may be accurately sized by placing pins or rolls 
between the teeth and measuring the distance over the pins with a 
micrometer. To avoid the necessity of calculating every measure- 
ment, the accompanying table has been worked out. 

It will be noted that the same size of pin is used for the same pitch 
regardless of the number of teeth. 

The sizes given in the accompanying tables are for gears of 1 
diametral pitch, and since gears of 5, 7 and ro pitch are ¢, 4 and +5 
the size of one pitch, the size over pins will be 4, 4 or 74 the size 
given in the table, provided a pin , # or + the size used in calculat- 
ing the table is used. The size pin used for 1 pitch is 1.750 inches; 
therefore the size pin to use for 5 pitch is 0.350 inch; for 7 pitch, 
0.250 inch; for 10 pitch, 0.175 inch, and so forth. 

As the number of teeth increase, the more nearly straight the 
teeth become. Between ro and 12 teeth, in gears having 20-degree 
pressure angle, there is a difference of 2.000 parts of the pitch in the 
pitch diameter, while the difference over the pins in gears of 143- 
degree pressure angle is 2.021 parts of the pitch. Between 40 and 
42 teeth, there is again a difference in pitch diameter of 2.000, while 
the difference over the pins between gears of 20- and 143-degree 

pressure angle is 2.004 parts ofthe pitch. Here the teeth become 
straight enough to jump from 42 to 52 teeth, then to 72, 102, 142, 
leaving the missing numbers to be found by interpolation. 

For numbers of teeth above 142 and 143, add the even 2.000 parts 
of the pitch to the last figure given. 

ExAmpPLe.—For a gear of 145 teeth, ro pitch, 14$-degree pres- 
sure angle. The size given in the table for 143 teeth is 145.618. 


145.618 + 2.000 


= size over pins for 145 teeth. 


The sizes given in the table are standard; that is, gears so cut 
will mesh at the proper center distances with no backlash, If 
0.008-inch backlash is wanted, reduce each gear of the pair 0.008 
inch. 

To find size over pins, divide the figure in column under the 
pressure angle and opposite the number of teeth, by the pitch. 


EXxAMPLE.—30 teeth, § pitch, 20-degree pressure angle ce al 


4.641. 


Notr.—For those numbers of teeth missing, such as between 42 
and 52, 73 and 103, etc., subtract the difference and add a propor- 
tionate part to the lesser figure. While this is not exactly correct, 
any error in the estimate will be divided by the pitch. An error of 
0.001 becomes 0.0001 in the case of a 10-pitch gear; 0.0005 in a 5- 
pitch gear, and so forth. 
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TABLE FOR MEASUREMENTS OVER Pins, oF GEARS HAvine 143- 
AND 20-DEGREE PRESSURE ANGLES 


Diam. over Pins, Even Diam. of Pins Diam. over Pins, Odd 
Teeth Used Teeth 
Pressure Angle Pressure Angle 
No. | —————————_ | Size of | No. of 
Teeth Pitch | “Pin | Teeth d 
14} 20 143 20 
Degrees | Degrees Degrees | Degrees 
10 12.415 I2.413 I I.7500 Il 13.307 13.303 
12 I4.436 14.428 2 0.8750 13 15-346 15.335 
14 10.455 10.440 3) 0.5834 I5 17.376 17.359 
16 18.469 18.450 4 0.4375 17 19,400 19.378 
18 20.482 20.458 5 0.3500 19 21.420 21.394 
20 22.493 22.405 6 0.2017 21 23.437° 23.407 
22 24.502 24.471 7 0.2500 23 25.452 25.418 
24 20.511 20.470 8 0.2188 25 27.464 27.428 
26 28.519 28.480 9 0.1944 27 29.475 20.4360 
28 30.5206 30.484 10 0.1750 29 31.485 31.443 
30 32.532 32.488 12 0.1458 31 33-494 33.449 
32 34.538 | 34-401 14 | 0.1250 33 35.502 | 35.454 
34 36.543 360.404 35 37.509 37-459 
36 38.548 38.497 37 39.516 | 39.463 
38 40.552 40.499 39 41.522 41.467 
40 42.556 | 42.501 41 43.527 43-471 
42 44.560 | 44.503 43 45-533 | 45.475 
52 54.576 54.512 53 55-553 55.487 
72 74.596 74-521 713 75-580 75.504 
102 104.613 104.529 103 105.602 105.517 
142 | 144.627 | 144.535 143 145.618 | 145.526 


A TABLE FOR DIMENSIONS FOR MITER GEARS 


Ture accompanying table is of service in determining the prin- 
cipal dimensions of miter gears (center angle 45 degrees), the num- 
ber of teeth and the pitch being known. ‘The table covers most of 
the possible number of teeth from 12 to 60, inclusive, and pitches 
from 2 to ro, inclusive, omitting 9. Values for face and cut angles 
correspond with designations in Fig. 6. 
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BEVEL GEARS 


BrEvEL Gears are used to transmit power when shafts are not par- 
allel. They can be made for any angle, but are more often at right 
angles than any other. Right angle bevel gears having the same 
number of teeth are often called miter gears. The teeth are or 
should be radial so that they are longer at the outer end. The 
names of parts are shown in Fig. 6. These should be noted 
carefully, particularly the face angles. The earlier editions 
measured face angle at right angles to the axis, but this is now 
changed as shown. 


———_—-——. Outside ren he —_—____- ea i 


Fic. 6.—Bevel Gear Parts 


LAYING OUT BEVEL GEAR BLANKS 


In laying out bevel gears, first decide upon the pitch, and draw 
the center lines B B and C C, intersecting at right angles at A as 
shown in Fig. 7. Then draw the lines D D to E Ethe same distance 
each side of B B and parallel to it; the distance from D D to E £ 
being as many eighths of an inch—if it be 8 pitch—as there are to 
be teeth in the gear. In the example the number of teeth is 24; 
therefore the distance from D D to E E will be 4“, or 14 inches each 
side of B B. K K and LL are similarly drawn, but there being 
only 16 teeth in the small gear, the distance from K K to L L will 
be 4°, or 1 inch each side of CC. Then through the intersections 
of D Dand L L,E Eand Ll L, and # Eand K K, draw the diagonals 


F A. These are the pitch lines. Through the same point draw | 


.lines as G G at right angles to the pitch lines, forming the backs of © 
the teeth. On these lines lay off + of an inch each side of the pitch | 


lines, and draw M A and WN A, forming the faces and bottoms of the 
teeth. The lines H H are drawn parallel to GG, the- distance 
between them being the width of the face. 

The face of the larger gear should be turned to the ines M A, and 
the small gear to N A. For other pitches the same rules apply. 
If 4 pitch, use 4ths instead of Sths; if 3 pitch, 3ds, and so on. 
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Bevel gears should always be turned to the exact diameters and 
angles of the drawings and the teeth cut at the correct angle. 


‘a = 
vei ee oe a bao 
| SSA 
SRS 


SJ 


Z < 
Ks Bien 
OS ee ee 


jt 


ING=No., of Teeth in Gear 
INP=No, of Teeth in Pinion 
CG =Center Angle of Gear 
CP=Oenter Angle of Pinion 


Fic. 8.—Finding the Cutter to Use 


Proportions of Miter and Bevel Gears 
To Find the Pitch or Center Angle: 


Divide the number of teeth in the gear by the number of teeth in 
the pinion. This gives the tangent of the pitch angle of the gear. 
Or divide the number of teeth in the pinion by the teeth in the gear 
and get the tangent of the pitch angle of the pinion. Subtracting 
either pitch angle from go gives the pitch angle of the other. 
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To Find the Outside Diameter: 


Multiply the cosine of the pitch angle by twice the addendum 
and add the pitch diameter. 


To Find the Outside Cone Radius or Apex Distance: 


Multiply the secant of the pitch angle of the pinion by 3 the pitch 
diameter of the gear. 


To Find the Face and Cutting Angles: 


Divide the addendum by the outside cone radius or apex distance. 
This gives the tangent of the addendum or outside angle. Subtract 
this angle from the pitch angle of the pinion to obtain the cutting 
angle of the pinion, and the face angle of the gear. Subtract the 
same addendum angle from the center angle of the gear to obtain 
the cutting angle of the gear and the face angle of the pinion. This 
gives a uniform clearance and is especially for use with rotary cutters. 


To Find Height of Addendum at Small End of Tooth: 


Divide the addendum at the large end of the tooth by the outside 
cone radius. ‘This gives the decrease in height of the addendum for 
each inch of gear face. Multiply this by the length of the gear face 
and subtract the result from the addendum of the large end of the 
tooth. The difference is the height of the addendum at the small 
end of the tooth. 


CUTTERS FOR BEVEL GEARS 


Lay out the bevel gears and draw lines A and B at right angles” 


to the center angle line. Extend this to the center lines and meas- 
ure A and B. The distance A = the radius of a spur gear of the 
same pitch, and finding the number of teeth in such a gear we have 
the right cutter for the bevel gear in question. If the gears are 
8 pitch and the distance A = 4 inches, multiply these together, and 
by 2 to get the diameter. Then 2 X 4 X 8 = 64 teeth, so that a 
No. 2 cutter is the one to use. For the pinion, if B is 2 inches, then 
2X 2X 8 = 32 ora No. 4 cutter is the one to use. 


SEetrinc CurrerR Out oF CENTER 


The cutter can be no thicker than the space at the small end of 
the teeth, so it is necessary to set it out of center and rotate the 
blank to make the space right at the large end of the teeth. The 


amount of this set-over can be found by the following rule and table — 


of the Brown & Sharpe Mfg. Co. 


Divide distance A, Fig. 8, by the width of the face. Find the | 
factor in table for this ratio and the cutter to be used. | Divide this | 


factor by the diametral pitch and subtract the quotient from half 
the thickness of the cutter at the pitch line. As a formula this is: 


Tc factor in table 
Set-over = : , 


PB. 
Tc = thickness of cutter used at pitch line. 
P = diametral pitch of gear to be cut. 
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ExampLe.—A bevel gear of 24 teeth, 6 pitch, 30-degree pitch 
cone angle and 13-inch face. This gear calls for a No. 4 cutter and 
apex distance A is 4 inches. Apex 4 + 1} = 3.2: rorabout 34:1. 
The table factor for this ratio with No. 4 cutter is 0.280. To 
measure the cutter at the pitch line, find depth of space below 
the pitch line, or S + f on page 190. On this cutter the thickness 
will be found to be 0.1745. The amount of set-over then is: 


0.1745 0.280 
2 6 


First set cutter central with spiral head. Set head to proper cutting 
angle. Set dial on cross-feed to zero. Index and cut two or three 
grooves to depth. Set cutter out of center 0.04 inch and note 
adjustment on cross-feed dial. Rotate gear in opposite direction to 
setover until side of cutter nearest center line cuts entire surface of 
teeth, Reverse this for other side and measure teeth at both ends. 
Tf teeth at large end are two thick when small end is correct, increase 
setover. If small end is too thick, when large end is right, decrease 
the set-over. Adjust accordingly. 


= 0.0406. inch. 


-TasLeE FOR OBTAINING SET-OVER FOR CurTtinc BEVEL GEARS 


: : : Apex 
Ratio of Apex Distance to Width of Face = P 
Face 
38 
Seen) Su aSae| S24. Sa. AUN ae | Aa ages Sa oun] ayers 
op I I x 1 I I I I I I I I I 
ZO 
I |0.254/0.254|0.255|0.256)0.257|0.257/0.257/0.258]0.258]0.250|0.260|0.262/0.264 
2 |0.266/0.268|0.271|0.272|0.273|0.274]0.274|0.275|0.277|0.279|0.280]0. 283/0.284 
3. |0.266/0.268)0.271/0.273|0.275|0.278]0. 280] 0. 282]0.283/0.286]0.287/0.290]0.292 
4  |0.275|0.280|0.285|0.287|0.291|0.203]0.206]0.298]0. 298] 0.302/0.305]0.308]0. 311 
5 |0.280]\0.285/0.290|0.293|0.295|0.296|0.298]0.300]0.302]0.307|0.309|0.313/0.315 
6 |0. 3110. 318]0.323/0.328)0.330/0.334]0.337/0.340]0. 34310. 348]0. 352/0.356/0. 362 
7 |0.289)0,298|0.308]0.316|0.324|0.329|0.334|0.338]0.343]0.350]/0.360/0.370/0.376 
8 10.2750. 286]0.296/0. 3090/0. 319/0.331|0.338]0.344]0.352/0.361/0.368/0.380|0. 386 


USING THE BEVEL GEAR TABLE 


TAKE a pair of bevel gears 24 and 72 teeth, 8 diametral pitch. 
Divide the pinion by the gear — 24 + 72 = .3333. This is the 
tangent of the center angle of pinion. Look in the seven columns 
under center angles for the nearest number to this. The nearest is 
.3346 in the center column, as all these are decimals to four places. 
Follow this out to the left and find 18 in the center angle column. 
As the .3346 is in the column marked .50 the center angle of the 
pinion is 18.50 degrees. Looking to the right under center angles 
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for gears find 71 and add the .50 making the gear angle 71.50 
degrees. Thus: 


Center angle of pinion 18.5 degrees. 
Center angle of gear 71.5 degrees. 


In the first column opposite 18 is 36. Divide this by the number 
of teeth in the pinion, 24, and get 1.5 degrees. ‘This is the angle 
increase for this pair of gears, and is the amount to be added to the 
center angle to get the face angle and to be deducted to get the cut 
angles. ‘This gives 


Pinion center angle 18.5 + 1.5 = 20 degrees face angle. 
Pinion center angle 18.5 — 1.5 = 17 degrees cut angle. 
Gear center angle 71.5 + 1.5 = 73 degrees face angle. 
Gear center angle 71.5 — 1.5 = 70 degrees cut angle. 


For the outside diameter go to the column of diameter increase 
and in line with 18 find 1.90. Divide this by the pitch, 8, and get 
-237, which is the diameter increase for the pinion. Follow the 
same line to the right and find .65 for the gear increase. Divide 
this by the pitch, .8, and get .o81 for gear increase. This gives © 

Pinion, 24 teeth, 8 pitch = 3 inches + .237 = 3.237 in. outside 
dia. 

Gear, 72 teeth, 8 pitch = 9 inches + .o81 = 9.081 in. outside 
dia. 


To SELECT THE CUTTER 


Another way of selecting the cutter is to divide the number of 


teeth in the gear by the cosine of the center angle C and the answer | 


is the number of teeth in a spur gear from which to select the cutter. 
For the pinion the process is the same except the number of teeth 
in the pinion is divided by the sine of the center angle. Formula 


NG os OP 
Tangent of CG = WP’ Tangent of CP = NG 
‘ ; NGA 
Number of teeth to use in selecting cutter for gear = Cos CG 
NP 


Number of teeth to use in selecting cutter for pinion = Sin CG 


Any pair of gears can be figured out in the same way, bearing in 
mind, when finding the center angle for the gear, to read the parts 
of a degree from the decimals at the bottom, and for the pinion, to 
read them from the top. In the example worked out the tangent 


came in the center column so that it made no difference. If, how- | 
ever, the tangent had been .3476 we read the pinion angle at the | 
top, 19.17 degrees, and the gear angle at the bottom, 70.83. By | 


noting that the sum of the two angles is 90 degrees, we can be sure 
we are right. 
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Brvet GEAR TABLE 
SHAFT ANGLES 90° 
ore] mS ow on lion 
: E Bog » 2 Center Angle Hundredth Degrees ag err 
Be Cele SG <5 | 320 
DAS be O 5 Left-hand Column read here ng |oAs 
o- ot | 0 oo oY ented 
oss 8 als wg : 22 |8 8g 
wen | 52/858 ) g8 |S 88 
BAA A os Oo ° 17 | .33 | 50 | .67 | 83 | 1.00 | 5A 19 oa 
I 2.00 ° .0000] .0029] .0058] .0087| .o116] .or45| .0175 80 103 
2 2.00 I .2175| .0204| .0233] .0262| .0201| .0320] .0349| Bg 07 
4 2.00 2 .0349| .0378] .0407] .0437| .0466] .0495| .0524 87 Io 
6 2.00 3 0524] 0553] .0582] .0612] .o641] 0670) .0609| 386 +14 
8 1.00 4 .0699| .0729| .0758] .0787| .0816] .0846] .0875 85 17 
Io 1.90 5 .0875] .0904] .0934] .0963] .0902] .1022] .I051 84 21 
12 1.90 6 -IO51} .1080] .I110] 1130] -I169] .1198} .1228 83 24 
14 1.98 7 .1228] .1257| .1278] .1317| .1346] .1376] .1405] g> .28 
16 1.98 8 | .1405] +1435] -1465| .1405| -1524] »1554] .1584] 8r 31 
13 1.08 9 -1584| .1614| .1644]} .1673] .1703) -1733| -1763] 80 34 
20 1.97 10 -1763}| -1793| -1823] -1853| -1883] .1914] .1944] 40 38 
22 1.96 Ir .1944| .1974| .2004] .2035] .2065] .2005| .2126 78 24T 
24 1.96 {2 .2126| .2156| .2186| .2217| .2247| .2278] .2300 "7 +45 
26 3.95 13 2309] .2330| .2370] .2401| .2432] .2462| .2403 76 48 
28 1.94 14 +2403| -2524| .2555] .2586| .2017] .2648] .2670| 4 51 
30 1.93 15 -2079| .2711| .2742| .2773| .2805| .2836] .2867] 74 +55 
32 1.92 16 .2867| .2899| 42931] .2062] .2004| .3026] .3057 73 53 
34 | tor | 17 | -3057| -3080] -3121) -3153| -3185] -3217] -3249] 72 62 
36 | 1.90 | 18 | -3240] 3281] .3314] .3346] -3378) .3411| .3443] 7 65 
37 | 180 | 19 | -3443] -3476] .3508] .3541] -3574] -3607| 36040] 70 68 
39 | 1.88 | 20 | 3640] .3673] .3706| -3739] -3772| -3805] -3839] 60 71 
4r | 1.86 | 2t | -3839] -3872] .3906] .3930] -3973] -4006| .4040] 68 75 
43. | 1.85 | 22 | -4040] .4074] .4108] .4142] .4176] .4210| .4245| 67 78 
45 | 1.84 | 23 | -4245] -4279| 4314] -4348| -4383] -4417| 4452] 66 81 
47 | 1.82 | 24 | -4452| -4487] 4522] -4557| -4502| 4628] .4663] 65 84 
49 | 1.8r | 25 | .4663| .4600| .4734] .4770| -4806| .4841) .4877] 64 | .88 
so | 1.79 | 26 | -4877| -4013] -4950| .4986] .5022] -5059] .5005| 63 Ol 
52 | 2.78 | 27 | -5005) -5132| .5169| -5206] .5243] .5280] .5317| 62 .03 
54 | 1.76 | 28 | -5317| 5354] -5392| -5430] 5407] .5505] .5543] 6x 07 
56 | 1-74 | 29 | -5543| -5581] .56r9| .5658] -5696) -5735| -5774| 60 | 1.00 
57 | 1-73 | 30 | -5774| -5812] .5851| .5890| .5030] +5960] .6009] 59 | 1.03 
50 I.7I 31 .6009| .6048] .6088) .6128] .6168) .6208) .6249| 58 | 1.05 
61 1.69 32 .6249| .6289] .6330| .6371| .6412] .6453| 6494) 57 | 1.08 
63 | 1.67 | 33 | -6494) .6536) .6577| 6619] .666r| .6703| .6745| 56 | 1.11 
64 1.65 34 -6745| -6787] .6830] .6873] .6916] .6959| .7002| 55 | 1.14 
66 1.63 35 +7002| .7046| .7080) .7133] -7177| 7221) .7265) 54 | 1.17 
68 1.61 36 -7205| 7310] -7355| -7400| -7445| .7490| -7536| 53 | 1.20 
69 I.50 37 +7536| .7581| .7627| .7673] -7720| -7766) .7813] 52 | 1.23 
71 1.57 38 -7813| .7860] .7907| -7954| 8002} .8050] .8008] 51 | 1.25 
72 1.55 39 8098] .8146; .8195| .8243| .8202] .8342| .8391| 50 | 1.28 
73 1.53 4o 8391| -8441| .8491| .8541| -8501| .8642| .8693] 49 | 1.31 
75 1.51 4l .8693| .8744| .8706| .8847] .8899] .8952| .9004| 48 1.33 
77 1.48 42 .9004| .9057| .9I10] .9163] .9217| .9271| .9325| 47 | 1.36 
79 | 1.46 | 43 | .0325| .0380| .9435) -0490] .9545| -9601] .9057| 46 | 1.30 
Bo | 1.43 | 44 
81 1.41 45° 


Right-hand Column read here 
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SPIRAL GEARS 


Tue term spiral gear is usually applied to gears having angular 
teeth and which do not have their shafts or axis in parallel lines, 
and usually at right angles. Spiral gears take the place of bevel 
gears and give a smoother action as well as allowing greater speed 
ratios in a given space. When gears with angular or skew teeth 
run on parallel shafts, they are usually called helical gears. 


Tur CALCULATION OF FortTy-FIVE DEGREE SPIRAL GEARS 


= <a | 
No. of Thick- 
Pitch Pitch of | Teeth ness of Circul 
of Pitch | Spiral in | in Spur | Outside |Tooth at|Depth of] Clear- Pitch 
Cut-} Diam. |Inchesto| Same | Diam. | Pitch Tooth ance ly pe D 
ter One Turn | Curva- Line erg 


ture (Normal) 


Multiply by Number of Add to 
Teeth in Spiral Gear P.D. 


2 0.70710 | 2.22142 | 2.828 | 1.0000 | 0.7854 | 1.0785 | 0.0785 | 1.5708 
24 | 0.62855 | 1.97464 | 2.828 | 0.88388 | 0.6981 | 0.9587 | 0.0699 | 1.3963 
24 | 0.56566 | 1.77707 | 2.828 | 0.8000 | 0.6283 | 0.8628 | 0.0628 | 1.2566 
2% | 0.51425 | 1.61556 | 2-828 | 0.7273 | 0.5712 | 0.7844 | 0.0572 1.1424 
3 0.47140 | 1.48094 | 2.828 | 0.6666 | 0.5236 | 0.7190 | 0.0524 | 1.0472 
34 | 0.40406 | 1.26930 | 2.828 | 0.5714 | 0.4488 | 0.6163 | 0.0449 | 0.8976 
4 0.35355 | I.1107I | 2.828 | 0.5000 | 0.3927 | 0.5303 | 0.03903 | 0.7854 
35 0.28283 | 0.88853 | 2.828 | 0.4000 | 0.3142 | 0.4314 | 0.0314 | 0.6283 
6 0.23570 | 0.74047 | 2.828 | 0.3333 | 0.2618 | 0.3505 | 0.0262 | 0.5236 
7 0.20203 | 0.63469 | 2.828 | 0.2857 | 0.2244 | 0.3081 | 0.0224 | 0.4488 
8 0.17677 | 0.55534 | 2.828 | 0.2500 | 0.1963 | 0.2696 | 0.0196 | 0.3927 
9 0.15714 | 0.49367 | 2.828 | 0.2222 | 0.1745 | 0.2307 | 0.0175 | 0.3401 


10 0.14143 | 0.44431 | 2.828 | 0.2000 | 0.1571 | 0.2157 | 0.0157 | 0.3142 
II 0.12856 | 0.40388 | 2.828 | 0.1818 | 0.1428 | 0.1961 | 0.0143 | 0.2856 
12 0.11785 | 0.37024 | 2.828 | 0.1666 | 0.1309 | 0.1798 | 0.0131 | 0.2618 


14 o.toror | 0.31733 | 2.828 | 0.1429 | 0.1122 | 0.1541 | 0.0112 | 0.2244 
16 0.08836 | 0.27759 | 2.828 | 0.1250 | 0.0982 | 0.1348 | 0.0098 | 0.1963 
18 0.07855 | 0.24677 | 2.828 | 0.1111 | 0.0873 | 0.1198 | 0.0088 | 0.1745 
20 0.07071 | 0.22214 | 2.828 | 0.1000 | 0.0785 | 0.1079 | 0.0079 | 0.1571 
22 0.06428 | 0.20194 | 2.828 | 0.0909 | 0.0714 | 0.0980 | 0.0071 | 0.1428 


24 0.05892 | 0.18510 | 2.828 | 0.0833 | 0.0654 | 0.0898 | 0.0065 | 0.1309 
26 0.05437 | 0.17081 | 2.828 | 0.0769 | 0.0004 | 0.0829 | 0.0060 | 0.1208 
28 0.05050 | 0.15865 | 2.828 | 0.0714 | 0.0561 | 0.0770 | 0.0056 | 0.1122 
30 0.04713 | 0.14806 | 2.828 | 0.0666 | 0.0524 | 0.0719 | 0.0053 | 0.1047 
32 0,04425 | 0.13901 | 2.828 | 0.0625 | 0.0491 | 0.0674 | 0.0050 | 0.0982 


36 0.03929 | 0.12343 | 2.828 | 0.0555 | 0.0436 | 0.05909 | 0.0043 | 0.0785 
40 0.03533 | 0.11099 | 2.828 | 0.0500 | 0.0393 | 0.0539 | 0.0039 | 0.0873 
48 0.02944 | 0.09249 | 2.828 | 0.0417 | 0.0327 | 0.0449 | 0.0033 | 0.0654 


| 
: 


In considering speed ratios for spiral gears the driving gear can | 
be taken ay a worm having as many threads as there are teeth and | 
the driven as the worm wheel with its number of teeth, so that one | 
revolution of the driver will turn a point on the pitch.circle of the) 
driven gear as many inches as the lead of the teeth of the driver. | 
Divide this by the circumference of the pitch circle of the driven) 
gear to get the revolutions of the driven. 
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While the subject of spiral gears is rather complex if considered 
broadly, most of the difficulties disappear when they have a tooth 
angle of 45 degrees. It is perhaps for this reason that from 75 to 90 
per cent. of the spiral gears used are made with this angle. 

This has the added advantage of being the most durable, although 
there is but a trifling increase in wear down to 30 degrees and the 

wear at 20 degrees is not serious. In cases of necessity even 12 
degrees can be used without destructive wear. : 

Where higher speed ratios than can be had with a 45-degree angle 
tooth are necessary, they can be laid out as will be shown later and 
can be cut on most milling machines. The usual change gears allow 
about two thousand different spirals to be cut. 

Where the angles are not 45 degrees, the gear with the greatest 
angle must always be the driver. 

All of the tooth parts are derived from the normal pitch while the 

“pitch diameters are derived.from the circular pitch. These are 
never the same in two gears of a pair except when both are 45 
degrees. 

As the diameter of a spiral gear does not indicate its speed ratio, 
the terms driver and follower are used in place of gear and pinion. 


45-DEGREE SPIRAL GEAR 


These gears are the simplest of all spirals to lay out and to make, 
the required speed ratios’being obtained by varying the diameters, 
precisely as with spur or bevel gears, the rules for the speed ratio 
being the same in both cases. Moreover, the various factors 
required in laying out and making such gears can be reduced to 
the simple table shown. 


Fic.. 9.—Diagrams of 45-deg. Spiral Gears 


Such a table has been worked out by E. J. Kearney. With it any 
one can quickly make the few calculations connected with any pair 
of 45-degree gears having teeth between 2 and 48 diametral pitch. 
This table will be found on preceding page: 
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EXAMPLE 


Let it be desired to construct a pair of spiral gears with 35 teeth in 
the gear and 16 teeth in the pinion, using a ro-pitch cutter. Using 
table on page 200, we have for a 1o-pitch cutter, under the proper 
columns, 

Pitch diameter = 0.14143 X 35 = 4.950. 

Outside diameter = 4.950 + 0.200 = 5.150 

Pitch in inches to one turn of spiral = 0.44431 X 35 = 15.550. 

Norre.—A slight variation in one turn makes no practical dif- 
ference, hence the ordinary change gears furnished with a universal 
miller will usually be found sufficient. 

Number of teeth in spur with same curvature = 2.828 XK 35 = 
98.980. 

Looking at B. & S. spur-gear cutter list, we see that 99 is between 
55 and 134; therefore we select a No. 2 cutter. 

Ina similar manner using 16 as a multiplier we obtain the data for 
the pinion. This gives 2.262 as pitch diameter, so that the center 
4-950 as 2.262 _ bobs 


The various dimensions follow: 


distance = 


Gear Pinion 
Number; of teethy «.< o).0- <pap- « 35 16 
Pitch diameter: sea ee 4.950 2.262 
Outside diameterstac Jere ee 5.150 2.462 
Pitch in inches to one turn..... 15.550 7.108 
Angle of{ispiral hei oseoe 4 tor 45° 45° 
Pitch"of cuttenis es. 4-e0 eo pee Io IO 
Number lot eutter.... o)an..caee 2 3 
Whole depth of tooth.......... 0.216 0°. 216 
Anglevofshattssacin anne sae go° 
Center distance of shafts....... 3.606 


FIGURING SPIRAL GEARS 


As there is no direct solution for a pair of spiral gears, their 
calculation is a tedious process and the result must be found by 
trial. 

As numerous calculations are absolutely necessary, this formula | | 
should not involve division by large or fractional numbers and 
oe contain the fewest possible operations. Such formulas are: | 

et 
C = Center distance, 
P = Diametral pitch, 
Ni = Number of teeth in the driver, 
Nz = Number of teeth in the follower, 
Si = Spiral angle of driver, 
S2 = Spiral angle of follower. 
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Then, 


(Secant S; Ni) + (Secant So N») 
Pp z 


That is, the sum of the secant of the driving angle times the number 
of teeth in the driver, and the secant of the follower angle times the 
number of teeth in it divided by the diametral pitch equals twice the 
center distance. This formula is derived as follows: The secant of 
the spiral angle times the pitch diameter of a spur gear of the same 
number of teeth and pitch equals the pitch diameter of a spiral gear 
of that angle, the pitch of the spur gear being the same as the normal 
pitch of the spiral gear. Now for a spur gear the number of teeth 
divided by the diametral pitch equals the pitch diameter. There- 


2C 


fore, the secant of the spiral angle X a = the pitch diameter of a 


spiral gear. The combined pitch diameters times the center 
distance are equal to 


M, 
( Secan Six a) + ( Secan So X ms 


or (secant S; Ni) + (secant Sz N2) for one diametral pitch. 

The quantity secant S\N, is the pitch diameter for the driver and 
secant S2 Ne is the pitch diameter of the follower. To obtain the 
center distance for any other pitch, it is simply necessary to divide 
this last result by that pitch. 

A table of secants will furnish constants covering the entire range 
of angles; and therefore, all possible solutions for a pair of gears. 
After long experience in calculating spiral gears these are recom- 
mended by C. H. Logue as the best and simplest for all cases. 


Points to Be Kept in Mind When Calculating Spiral Gears 


To assist in their use the following points should be kept in 
mind: : 

x. The diameter of a spiral gear increases with its angle. 

2. Therefore, the diameter of the follower will reduce as the 
driving angle is increased, although not necessarily in the same ratio. 

3. Itis quite possible for the center distance to remain practically 
constant through quite a range of angles, the follower decreasing as 
the driver is increased. This is especially true when the gear having 
the greater number of teeth is the driver. 

4. If the center distance is too great when the driving angle is 45 
degrees—it must not go below that in any case—a lower number 
of teeth must be selected for both driver and follower, while main- 
' taining the same ratio, and another trial made using a much higher 
angle for the driver. 

5. The center distance will increase with the angle of the driver. 
This increase is more rapid when reducing than when increasing the 
speed of the follower. ‘This refers to parallel shafts. 

6. The number of teeth selected for each trial must be in propor- 
tion to the desired ratio. , 

7. Forty-five degrees is commonly accepted as the most efficient 
driving angle. 
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Selecting Secants and Trial Numbers of Teeth 


To calculate a pair of spiral gears, select secants for the desired 
angles, assuming the normal pitch, try out the value of 2 C with trial 
numbers of teeth for driver and follower. 

Tf the value 2 C is too small increase the number of teeth and try 
again. A very few calculations will show the number of teeth to 
secure the closest result. 

If the center distance thus found is not as desired the angles must 
be shifted, keeping in mind the general laws governing the change of 
the center distance with the angle. 

It is often found that when the desired center distance is reached 
the driving angle is too large to be desirable. The only alternative 
is to change the normal pitch and try again. A slide rule will give 
approximate results. 

When there are limitations placed on the diameter of one or both 
of the gears the following formula is of value. It may also serve as 
a check on the above calculations. The pitch diameters are assumed. 


( Pitch diameter of driver X 


Pitch diameter of follower X hs 
Gupane of revolutions of follower) 


This will set a limit on the driving angle S;, to exceed which means 
that the gear will be too large. 


REAL PITCHES FOR CIRCULAR PITCH 
SPIRAL GEARS 


Tur accompanying table will be found convenient in figuring 
particulars for spiral gearing, as it eliminates much of the work by 
shortening the process, thus making it quite an easy and simple 
matter to find the dimensions for either helical gears with axes 
parallel to each other or for gears with right-angle drive. 

Formulas for use with the table are as follows: Circumference on 
pitch line = real pitch multiplied by number of teeth. 

Lead of spiral = Circumference on pitch line divided by the tan- 
gent. 

Pitch diameter = Circumference divided by 3.1416. 

For whole diameter add the same amount above pitch line as for 
spur wheels of the same pitch as the normal pitch. 

The following is an example of the use of the table: A pair of 
wheels is required to be: Ratio, 6 to 1; normal pitch, 1 in.; driver, 
6 teeth; follower, 36 teeth; angle for driver, 66 degrees; angle for 
follower, 24 degrees. 

Referring to the table we find that the real pitch for the driver 
is 2.4585. 

2.4585 X 6 (teeth) = 14.751 (circumference on pitch line). 

Cir. 14.751 + 2.246 (tangent) = 6.567 (lead of spiral). 

Cir. 14.751 + 3.1416 = 4.695 (pitch diameter). 

For the follower the real pitch 1s 1.0946. 

1.0946 X 36 = 39.4056 (circumference). 

Cir. 39.4056 + 0.4452 (tangent) = 88.512 (lead of spiral). 

Cir. 39.4056 + 3.1416 = 12.543 (pitch diameter). 


Tan. Sy 
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_ Another method of finding the lead of spiral is to multiply the 
real pitch by the number of teeth, but for this purpose take the 
real pitch of the mating wheel. 

In the above example we should have 

_ Real pitch of follower, 1.0946 K 6 = 6.5676 (lead of spiral). 

Real pitch of driver, 2.4585 X 36 = 88.500. 

Tt will be noticed that there is a slight difference in the result 
but this is unimportant, as it is only brought about by the dropping 
of a few decimal points in the tangent. 


Number of Teeth in the Spiral Gear 
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SPUR-GEAR CUTTERS FOR SPIRAL GEARS 


To find the number of a spur-gear cutter to be used in cutting a given 
spiral gear, locate the intersection of lines traced from the points 
representing the number of teeth and the spiral angle on the two 
scales. The number in the area on the chart within which the inter- 
section falls is the cutter number of Brown & Sharpe’s involute 
cutter system required. 


TO FIND SPIRAL ANGLE OF OLD GEAR 


Finp normal circular pitch by measuring whole depth of tooth 
and thickness at pitch line. Subtract twice the addendum to get 
pitch diameter. Multiply P.D. by 3.1416 and divide by number 
of teeth to get real circular pitch. Divide normal circular pitch 
by real circular pitch which gives cosine of spiral angle on which 
gear is cut. 

To get the lead, multiply circumference by co-tangent of spiral 
angle, or divide by tangent. 


SPIRAL GEAR TABLE 


WHILE it is better in every case to understand the principles in- 
volved before using tables as this tends to prevent errors, they can 
be used with good results by simply following directions carefully. 
The subject of spiral gears is so much more complicated than other 
gears that many will prefer to depend entirely on the tables. 

This table gives the circular pitch and addendum or the diametral 
pitch and lead of spirals for one diametral pitch and with teeth hav- 
ing angles of from 1 to 89 degrees to 45 and 45 degrees. For other 
pitches divide the addendum given and the spiral number by the 
required pitch and multiply the results by the required number of 
teeth. This will give the pitch diameter and lead of spiral for each 
wheel. For the outside diameter add two diametral pitches as in 
spur gearing. 

Suppose we want a pair of spiral gears with ro and 80 degree 
angles, 8 diametral pitch cutter, with 16 teeth in the small gear, 
having 1o-degree angle and ro teeth in the large gear with its 80- 
degree angle. 

Find the 1ro-degree angle of spiral and in the third column find 
1.0154. Divide by pitch, 8, and get .1269. Multiply this by num- 
ber of teeth — .1269 X 16 = 2.030 = pitch diameter. Add 2 
pitches — two # = } and 2.030 + .25 = 2.28 inches outside 
diameter. 

The lead of spiral for ro degrees for small wheel is 18.092. Divide 
by pitch = 18.092 + 8 = 2.2615. Multiply by number of teeth, 
2.2015 X 16 = 36.18, the lead of spiral, which means that it makes 
one turn in 36.18 inches. baa 

For the other gear with its 80-degree angle, find the addendum, 
5.7587. Divide by pitch, 8, = .7198. Multiply by number of 
teeth, 10 = 7.198. Add two pitches, or .25, gives 7.448 as outside 
diameter. 
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The lead of spiral is 3.1901. Dividing by pitch, 8 = .3988. 
Multiplying by number of teeth = 3.988 the lead of spiral. 

When racks are to mesh with spiral gears, divide the number in 
the circular pitch columns for the given angle by the required dia- 
metral pitch to get the corresponding circular pitch. 

If we want to make a rack to mesh with a 4o-degree spiral gear 
of 8 pitch: Look for circular pitch opposite 40 and find 4.r1or. 
Dividing by 8 gives .512 as the circular pitch for this angle. The 
greater the angle the greater the circular or linear pitch, as can be 
seen by trying an 80-degree angle. Here the circular pitch is 2.261 
inches. 


TESTING AND ADJUSTING SPIRAL BEVEL GEAR DRIVES 


(By Permission the Gleason Works, Rochester, N. Y.) 


THE proper adjustment of bevel gears in assembly is a vital factor 
in obtaining quiet and durable gears. 

There are two distinct considerations in obtaining the proper 
tooth contact; one is the bearing along the tooth, lengthwise bear- 
ing, the other the bearing up and down the tooth, or profile bearing, 
and it is essential that the two be considered separately to obtain 
the proper results in combination. Diagram shows definition. 


Graphic definitions of the terms used in describing the proper 
procedure to mount a pair of bevel gears are given herewith. 

Bevel gears are cut with a predetermined amount of backlash to 
suit the pitch and operating conditions, and this backlash should 
not be altered by any great amount to obtain the proper tooth 
contact, as the necessity of such a step indicates a fault either in 
the cutting or in the alignment of the supporting bearings. ‘The 
usual amount of blacklash is from 0,004 inch on 8-pitch gears 
to 0.012 inch on 3-pitch. "y 

Bevel gears mounted in a rigid testing machine should show a 
bearing toward the small end of the tooth and the amount the 
bearing favors the small end is determined experimentally by the 
stiffness of the mounting in which the gears are to be finally assem- 
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‘bled. Any spring in the mounting of the gears under load will cause 
\the bearing to move toward the large end, and in no case should the 
bearing be heaviest at the large end of the tooth under the operating 
load. Any extra load, such as induced by suddenly applying the 
full load, will cause the bearing to become concentrated on the top 
corner of the large end of the tooth and breakage will ensue. The 
figures below show typical tooth bearings as obtained in a testing 
machine and when mounted in an automobile axle, also the effect of 
spring in the mounting on the apexes ofthe gearand pinion. It will 
be observed that the apexes do not coincide when the gear mount- 
ing has sprung under the working load. Therefore, when cutting 
the gears, it is necessary to make provision for this lift or spring. 


Tooth, beari ‘A Tooth bearing with gears 
mounted in Se othne mounted In onrign mounting 


Fic, 11.—Effect of Mounting 


Bevel gears are commonly cut to run flush at the large end of 
the teeth and, as a first step, they should be so assembled in the 
mounting for an initial trial. “Powdered red lead and any light 
machine oil should be mixed and spread over the working surfaces 
of the teeth with a brush, to show clearly the tooth contact obtained. 

There is no difference in the method of adjusting spiral or straight 
bevels, and, while the following statements are particularly appli- 
cable for spiral bevels, they are also true for straight bevels. 

After mounting the gears flush with the proper amount of back- 
lash, they should be operated under load in each direction for a 
minute. In the automobile rear axle driving gears, the rear axle 
should first be raised to have the wheels clear the floor, then the 
motor started and the wheels driven in both directions with the 
_ brakes applied to obtain the necessary load. 

All figures show the bearing on the gear tooth. With a right- 
hand spiral bevel gear (mating with a left-hand spiral pinion) 
mounted in an automobile, the driving side is on the convex side of 
the tooth and the concave side of the tooth is used when in reverse. 

The tooth bearing, both lengthwise and profile, should appear as 
shown in A and B Fig. 12, but a condition of tooth contact may 
be obtained, as indicated in C to N. The lengthwise bearing 

adjustments will first be considered. 

Figs. 3 and 4 show what is called a cross-bearing and is caused by 

' either a misalignment of the mounting or an error in the cutting. 
The mounting should be tested and, if found faulty, should be 
- corrected. If the drive side has a toe bearing and the reverse a heel 
bearing, the gears are serviceable, provided the bearing is about five- 
eighths of the tooth length, but if the heel bearing occurs on the 
drive side, it should not be used and the cutting conditions should 
- be altered if the mounting is found correct. : 
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Figs. 5 and 6 show a toe bearing on each side of the tooth and the 
gear must be moved away from the pinion to increase the lengthwise 
bearing, which, on ratios 1:1 to approximately 4:1, will change the 
profile bearing to some extent and an adjustment of the pinion 
may be required. This movement of the gear will introduce more 
backlash and the gear cutting should be changed in order to prop- 
erly locate the bearing if this increase in backlash becomes 
excessive. 

Figs. 7 and 8 show a heel bearing on both sides and the gear must 
be adjusted towards the pinion to increase the lengthwise bearing, 
which, on ratios 1:1 to approximately 4:1, will change the profile 
bearing to some extent and an adjustment of the pinion may be 
required. 

Figs. 9 and ro show a low bearing on gear tooth which may 
appear at any position along the tooth. The pinion should be 
moved away from the gear, and on ratios 1:1 to approximately 4:1 
the gear should be moved towards the pinion to maintain the proper 
backlash. This movement of the gear will alter the lengthwise 
bearing and several adjustments for both lengthwise and profile 
bearing may be required to obtain the proper tooth bearing. 

Figs. rr and 12 show a high bearing on gear tooth which may 
appear at any position along the tooth. The pinion should be 
moved towards the gear, and on ratios 1:1 to approximately 4:1, 
the gear should be moved away from the pinion to maintain the back- 
lash. This movement of the gear will alter the lengthwise bearing 
and several adjustments for both lengthwise and profile bearing 
may be required. 

Figs. 13 and 14 show a lame bearing. It is possible to adjust the 
gears and obtain a fair driving condition, as indicated in Fig. 1, 
but a poor coast or reverse, and the only method of completely 
eliminating the trouble is to cut the gears properly. 

It must be borne in mind that the adjustment cited should be 
moderate, and if great amounts of adjustments are needed the 
mounting and gear cutting must be carefully checked, and the 
necessary steps taken to correct trouble in the making of the gears 
or mounting. 


TOLERANCES IN GEARING 
The following tolerances were proposed by Harry Horsington, 


ordnance engineer at Rock Island Arsenal in 1925. It is suggested 


that a very flexible feeler. be used as a “no-go” gage in testing 
backlash in spur gears. 

It should be remembered that manufacturing tolerances of gages 
must be considered, which will reduce the actual component or 
work tolerance. It will be observed that in the tables shown the 
clearances between the shafts have not been considéred. Allowance 
has been made in the tables for close work and so that the necessary 
oil film in the bearing will absorb part of the essential bearing 
clearance and the remainder will take care of the tolerances in the 
gages. It should also be remembered that these tables are for 

_production work and that closer fits may be secured by special 
fitting or selective assembly. 
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SPEEDS AND FEEDS FoR GEAR CUTTING 
(BROWN & SHARPE MFG. CO.) 


Feet 
Carbon steel cutters on cast iron..... 60-70 per minute 
Carbon steel cutters on steel......... 30-40 per minute 
High-speed steel cutters—cast iron... 80-125 per minute 
High-speed steel cutters—steel....... 65-100 per minute 


The most economical feed is usually Jess than the fastest that the 
cutter will stand, as there will be less time lost in grinding. As 
most cutters used in production are of high-speed steel, the following 
table will be useful: 


Diam. Pitch 2. |524), 3 | 4 | 5 | Gil 7 | 8 TO: |.12 |. 16 

Feed in inch-} Cast iron..| 33] 34] 4 | 44] 43] 5 | 6 | 6 7 8 9 

es per min-] Steel....... 14] re}.2 | 23)-23) 3 |.4 ] 44 | 44 5 6 
ute. 


Grinding Gear Teeth.—Gear teeth have been ground for many 
years, but the practice was not common until automobile builders 
adopted it for transmission gears. ‘There are two types of machines, 
one using a wheel shaped to the space between the gear teeth and 
the other using the side of a thin disk wheel and rolling it past the 
curved surface of the tooth. Some machines use steel tapes for 
generating the curve, while others use a steel former to guide the 
wheel. ‘These correct distortion due to hardening and can produce 
a true tooth form. None but the formed wheel grinds more than 
one tooth face at once. 

Composition Gears.—Many gears are nowmade of fabric, impreg- 
nated with compositions of the bakelite order, and called by various 

trade names, such as Celeron, Formica, etc. They reduce noise 
when meshed with metal gears, and are sufficiently elastic to cushion 
shocks that might break metal gears. They are oil-and waterproof 
and have practically replaced the rawhide gear. 

The composition can be machined much like metal. In sawing, 
a band saw with 5% teeth per inch, and 0.04 inch thick is advised. 
Drills will cut a trifle small and are frequently ground off-center to 
prevent overheating. Reamers will leave holes from o.oor to 
0.002 inch below size. 

Cutting off or trepanning tools should have plenty of side clear- 
ance. An 8-degree clearance behind the cutting edge and 5- to 
to-degree top rake are recommended. 

The following pitches are advised for composition gears: 


Horse power »»  D.P. Horse power DP. 
Up to 4 Io IO-15 
yr 8 15-25 23 
1-3 5 25-50 2 
3-10 4 50-75 1% 
75-100 13 
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THREADS OF WORMS 


Worms are cut with threads having a total angle of 29 degrees, 
similar to the Acme thread. Some use the same proportions as for 
the Acme, but most use a deeper thread such as the Brown & 
Sharpe, which is .6866 deep instead of .51 for a one-inch pitch as in 
the Acme. It is not easy to cut odd fractional pitches in most 
lathes, so regular pitches are cut and the circular pitch of the worm 
wheel is allowed to come in fractional measurements for pitch | 
diameters and center distances. Having determined on the reduc- 
tion as 4o to 1, the relative proportions can be considered as 
follows: 

Assume a thread of 4 to the inch for the worm or a lead of } inch. 
Then as the reduction of 40 to 1 there must be 4o teeth in the worm | 
gear, } inch from center to center of teeth or ro inches in circum-_ 
ference on the pitch line or 3.18 inches. If a reduction of 20 to 1 
is wanted, use the same diam. gear but cut a double thread of 2 per 
inch, which will give the same distance between teeth, but the worm 
gear will be moved two teeth every revolution of the worm. 

Some of the commonly used proportions are: 


No. of teeth pitch in inches | 
3.1416 | 
| 
| 
| 


Pitch diam. of worm gear = 


F 4 a 31416 
Diametral pitch Tineae oes teh 


= P silage A 2 i 
Throat diam. of worm gear = Pitch diam. -+ Diam, Pitch 


Outside diameter of gear for 60° sides = throat diameter +> 2 
(.13397 throat radius.) | 
Whole depth of tooth of worm or worm gear = .6866 X linear 

pitch. . 

Width at top of tooth of worm = .335 X linear pitch. 
Width of bottom of tooth of worm = .31 X linear pitch. 
Outside diam. of worm — single thread = 4 X linear pitch. 
Outside diam. of worm — double thread = 5 X linear pitch. 
Outside diam. of worm — triple thread = 6 X linear pitch. 
Face of worm gear = } to } outside diameter of worm. 


Width of Face | 

A common practice for determining the width of face or thickness _ 
of worm wheels is shown in Fig. 13. Draw the diameter of the 
worm and lay off 60 degrees as shown; this gives the width of work-_ 
ing face, the sides being made straight from the bottom of the teeth. | 
Others make the face equal to $ the outside diameter of worm, but 
3 the diameter of the worm is more common. : 


' 
| 
' 
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TABLE OF PROPORTIONS OF Worm THREADS TO RUN IN WorM 


WHEELS 
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CHAIN DRIVES 223 


LINK BELT SILENT CHAIN DATA 


Chain drives should be designed within the following limits for 
best results: 

Encased drives with constant lubrication can be used up to 

2,500 feet per minute, but 1,000 to 1,300 feet ‘per minute is most 
satisfactory. 

Minimum center distance = diameter of large wheel + 4 
diameter of small wheel. Use odd number of teeth in pinions, 
even number of links in chain. For very quiet drives use pinions of 
23 teeth or over, a slower chain speed and run in oil. It is always 
economical to use a chain heavier than the minimum required for 
the work, Speed ratios as high as 25:1 can be used. Pitches run 
from % to 23 inches. 


To DETERMINE LENGTH OF CHAIN 


Subtract diameter of smaller wheel from diameter of larger 
wheel, and divide the difference by twice the center distance. Find 
in column A the value next larger than this result. Use correspond- 
ing values (in same line) from columns B, C and D, and substitute 
in the following formula: 

Length of chain equals the sum of: 

Center distance multiplied by value B. 

Pitch multiplied by number of teeth in smaller wheel and by 
value C. 

Pitch multiplied by number of teeth in larger wheel and by 
value D. 


Example 


14.38-inch pitch diameter, 60 T, for $-inch pitch chain wheel 
4.10-inch pitch diameter, 17 T, for ?-inch pitch chain pinion 
1 foot, 113 inches = 23.25 inches = center distance 

Diam. larger wheel = 14.38 inches 

Diam. smaller wheel = 4.10 inches 


Difference ro. 28 inches 
10.28 

2 X 23.25 

Value B, 1.9487 X 23.25 inches center distance = 45.30 

Value os 0.4278 & 17 teeth X 32-inch pitch = 

Value D, 0.5722 X 60 teeth X #-inch pitch = 25.75 


= 0.221 Next larger value in column A is 0.22495 


Mength sol Chain sjis;a.cieisoie@ svoie, siohviseina eerie, « = 76.50 inches 
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Factors For DETERMINING LENGTH OF LINK-BELT CHAIN 


AEB Te eas B 
| ) ) 
0.00000|2 0000|0.5000\0. 5000 0.263031 9206 
0.004362 0000/0. 4986/0.5014)0.26724 I .9273 
0.00873)L 9990|0.4972/0. 5028/0. 2714419249 
0 .01309)I .9998/0. 4958)0 .5042)0.27564)1 .9225 
0.01745,1.9997|0. 49440. 5056) 0 .27983)I .9201 
0. 0218I'T .9995|0. 4931/0 .5069|,0.28402)T .9176 
0.02618 I .9993/0. 4917/0 .5083/ 0.288201 .OI51 
0.03054|1 .9991|0.4903/0.5097|0.29237|r .9126 
0.03490/1.9988/0. 4889|0 51110. 20654)I .9T00 
0 .03926/T .9985|0. 4875/0 .5125]|0 ..30071|I .9074 
0.04362/T .9981/0. 4861/0 . 5130) 0 .30486\r .9048 
0.04798 I .9977|0. 4847/0 .5153/|0.30902)1 . 9021 
0,.05234)\I .9972/0. 4833/0. 5167/0 .31316|r .8994) 
0.05669 /I.9968)0.. 4819/0 . 5181|/0.31730|r .8966) 
0.06105|1.9963/0. 4806)0,. 5194/0. 32144 |r .8939, 
0 .06540)I .9957|0. 4792/0. 5208/0 .32557|L 8010 
0.06976/I 9951/0. 4778/0 .5222| 0. 32960)1 .8882 
0.0741 1|I .9945|0. 4763/0 .5237||0 .33381)r .8853 
0.07846)I .9038|0. 4750\0 .5250)|0..33792|r .8824| 
0.08281\I .9931|0. 4736)0.5264)\/0 .34202/1 .8794 
0.08716) .9924|0. 4722/0 .5278)|0 .34612|r .8764 
0.09150 I .9916|0.4708|0 .5292)/0.35021/I .8733 
0.00585 |I .9908)0. 4694/0. 5306)/0 .35420/r .8703 
0. 10019/1.9899|0.. 4681/0 .5319]0 .35837|I .8672 
0.10453|I.9890/0.. 4667/0 .5333||0 .36244/1 . 8640) 
0. 10887/1 .9881/0. 4653/0 .5347|\0 .36650|I .8608 
0. 11320|I .9871|0. 4639/0 .5301)|0 .37056|r .8576) 
0.11754/1.9861/0. 4625/0 .5375||0. 37461/r .8544) 
0. 12187|I .O851|0. 4611/0.5380|/0. 37865|r .8511 
0. 12620|I .984010.. 4597/0 .5403)/0 . 38268|r .8478) 
0.13053|r .9829|0. 4583/0. 5417||0.38671|r .8444 
0.13485|I .9817|0.4569|0.5431/0.39073)1 8410 
0, 13917|L.9805|0.4555|0 5445/0 .39474|I .8376 
0. 14349|I .9793/0.4542/0.5458]0.39875| .8341 
0.147811 .9780/0. 4528/0 .5472||0. 40275|I .8306 
0. 152121L.9767/0.45140.5486)0 40674) 8271 
0.15643/1.9754/0. 4500/0 .5500)/0 . 41072|I .8235 
0.16074/1.9740|0. 4486/0 .5514/|0. 41469|I .8 199) 
0. 16505|\1.9726/0. 4472/0 .5528)|0. 41866)r .8163 
0.16035 /T .97I1|0.4458)0.5542/|0. 422621 8126 
0.17365/I.9696/0.4444/0.5556)0. 426571 .8089 
0.17794/t.9681/0.4430/0.5570)0.43051|r .8052 
0. 18224)1 .0665/0.4416/0.5583]0.43445/I .8014) 
0. 18652/T .9649/0. 4403]0.5597||0.43837|I .7976 
0. 19081|1.9633\0.4 89/0.5611)/0.44220/1 .7937 
0, 19509|t .0616/0.4375,0.5625||0.44620 | . 7809 
0.19937/I.9599|0.4361/0.5639||0.450L0\I . 7860 
0.20364|I .0581/0.4347/0.5653)|0.45399|r .7820 
0. 20791\I .9563|0. 43330 .5667/|0. 45787|I .7780 
0. 21218|1.9545/0.4319/0.5681)/0. 461751 .7740| 
0.21644|T .9526/0. 4306/0.5694)/0. 46561|1 ..7700 
0.22070)I .9507\0.4292/0.5708||0.46047|I .7059 
0.22495|I 9487/0. 4278/0.5722||0.47332|I . 7018 
0.229201 9468/0. 4264/0.5736||0.47716\1 .7576 
0. 23345|I .9447|0.4250|0 .5750\|0. 48090) . 7535 
0.23769|I .9427\0. 4236/0 .5764|/0.48481\I .7492 
0. 24102|I .9406\0. 4222/0. 5778)|0. 48862/1 .7450) 
0.24615 I .9385|0.4208|0.5792)|0.49242|I .7407 
0.25039|I .9363/0.4194|0.5806||0 49622|1 .7364| 
0.25460)£ 9341/0. 4181/0. 5819||0. 50000) . 7321 
0.25882/I .0319|0.4167/0. 5833/0. 50377/£.7277 
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0.50754) 


0.51129 
0.51504 
0.51877 
-52250) 
52621 
52992! 
533601 
-53730, 
-54097 
-54404) 
54829 
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C) 
0 
C 
C) 
0 
) 
0 
G) 
° 
0.55557 
9.55910 
0.56280 
0.56641 
0.57000 
0.57358 
0.57715 
0.58070 
0.58425 
0.58779 
0.59131 
0.59482) 
0.59822) 


3/0 .60182 


0.60520) 
0.60876 
0.61222 
0, 61566 


0.619009 


0.62251 


0.625921 .55 


0.62932 
0.63271 
0.63608 
0.63944 
0.64279 
0.64612 
0.64945 
0.65276 
0.65606 
0.65935 
0.66262 
0.66588 


0.66913)1. 
0.67237/1. 


0.67559 
0.67880] 
0.68200 
0.68518 
0.68835 
0.60151 
0.69466 
0.69779 
0.70091 
0.70401 
0.70711 
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0.3305 
0.3292 
0.3278) 
0.3264 
0.3250 
0.3236 
0.3222 


0.3104 


0.3153 
0.3139 
0.3125) 
0.3111 
0.3007 
0.3083 
0.3069 
0.3055 
0.3042 
0.3028, 
0.3014 
0.3000, 
0.2086 
0.2072 
0.2058 
0.2945 
60,2032 
0.2017 
0.2903 
0.2880 
0) 
G) 


| 


2875 

2861 
0.2847 
0, 2833, 
10.2819 
0.2805 
0.2792 
0.2778 
0.2764 
0.2750, 
0.2736 
2722 
-2708) 
- 2604) 
2680 
. 2067) 
2053) 
.2039 
2025 
2611 
-2603) 
2583) 
+2509 
2556) 
2542 
2528) 
0.2514 
0.2500 
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0.669, 
0.670 
0.672 
0.673 
0.675 
10.676 
10.677 


0.3208/0.679 


0.680 


0.3180)0.682 
0.3166/0.683, 


0.684 
0.686 
0.687. 
0.688 
10.690 
0.601 
10.693 
}0.694, 
0.605) 
0.607: 
0.698! 
0.700 
0.701. 
0.702 
0.704: 
0-705, 
0.706 
10.708, 
0.709 
0.711 
10.712. 
0.713! 
0.715 
0.716 
0.718 
0.719. 
0.726 
0.722: 
0.723 
0.725 
0,726, 
10.727 
0.720. 
10.7301 
0.732 
0.733. 
0.734 
0.736 
0.737: 
0.738 
90.739 
0.741 
0.743 
0.744: 
0.745! 
0.747: 
0.748% 
0.750 


Q. 


ro. Avoid vertical drives. 


Ii. 


12. 
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MORSE CHAIN AND SPROCKET DATA 


. Number of Teeth = 


Exact Outside Dia. = D. 

When T has less than 33 teeth, D = Pitch Dia. 

When T has more than 32 teeth, D = Pitch Dia. + 2 X 
Addendum. 


. Use sprockets having an odd number of teeth whenever 


possible. 


. When specially authorized, a larger number of teeth than shown 


may be cut in large sprocket. 


. Thickness of sprocket rim, including teeth, should be at least 


1.2 times the chain pitch. 


. The number of grooves in the sprocket, their width and dis- 


tance apart, varies according to pitch and width of chain. 
In every case leave the designing and turning of these 
grooves to the Morse Chain Company. 


. The width of the sprocket should be 1g to 4 inch greater 


than nominal width of the chain, 


. An even number of links in the chain and an odd number of 


teeth in the wheels are desirable. 


. Horizontal drives preferred with slack on top strand, but for 


short drives without center adjustment slack should be on 
the bottom strand. 
Adjustable wheel centers desirable for horizontal drives and 


necessary for vertical drives. 


Clearances 


Allow a side clearance for chain (parallel to axis of sprockets 
and measured from nominal width of chain) equal to the 
pitch. 

Allow a radial clearance over sprocket radius equal to the 
pitch. 

Maximum linear velocity for commercial service, 1200 to 
1600 feet per minute. 


These data are for use in preliminary design; the engineering 
features should always be submitted to the Morse Chain Company 
for approval before ordering. 
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ROLLER TRANSMISSION CHAIN 
Revised Recommended Practice for Roller Transmission Chains 
and Sprockets, by American Gear Manufacturers’ Association, 
May, 1925. 
SECTION PROFILE 
Showing Recommended Chamfering of Sprocket Teeth for 
Chains 
P = pitch of chain. C.= Depth of chamfer 0.3 P. 
W = chain width. E = Width of chamfer § P. 
De -Os02 VV — 0.000", R = Tooth radius 0.43 P or over. 


Limits on sprocket thickness, + (- = 0.002") 


TABLE 4 
(All Dimensions in Inches) 
Width of Chain, Sprocket Limits on Nominal 
Ww Thickness T Thickness Clearance (W-T) 
& 0.139 0.003 0.017 
| a5 0.198 +0.004 0.021 
i 0.227 +0.004 0.023 
as 0. 284 +0,.005 0.028 
Z 0.343 +0,.006 ©.032 
4 0.459 +0.007 0.041 
3 0:575 +0.008 0.050 
3 0.692 +0.010 0.058 
ie 0°. 808 +0.011 0.067 
I 0.924 t+o,012 0.076 
say I.040 +0.013 0.085 
ey I.156 +0.015 0.094 
135 1.447 ; 0,017 0.115 
13 TABLE 5 
| | (All Dimensions in Inches) 
Pitch Depth of Width of *Limits on Bottom 
Chamfer C Chamfer E Diameter 
; 
a 0.113 er -++o.000; —0.004 
4 0.150 ze 0.000; —0.006 
3 0.188 er -++0.000; —0.007 
2 0.225 oy -+-0.000; —0.009 
I ©. 300 + +0.000; —o.012 
1} 0.375 35 -+-0.000; —0.015 
TH 0.450 is -+o.000; —o.018 
12 0.525 ae --o.000; —0.021 
2 0.600 4 -++o0.000; —0.024 
ak ©.750 v5 +o0.000; —0.030 
3 ©.900 3 -+0.000; —0.036 
4 1.20 4 +0.000; —0.048 
5 tr. 50 $ +0.000; —o.060 


Negative limit = —o0.012 P, 
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Po where P is the 


Pitch diameter of sprocket = P + sin 


pitch, and T is the number of teeth. 
Bottom diameter of sprocket = pitch diameter — roller diameter 
Outside diameter of sprocket (minimum) = P(06 + cot as ; 


TABLE 6.——STANDARD Prtca DIAMETERS AND OuTsIDE DIAMETERS 
oF SprocKETS, 1-[NcH Prrcw RoitreR CHAIN 


For other pitches multiply these values by the pitch. 
To obtain bottom diameters subtract diameter of chain roller 
from pitch diameter. 
(All Dimensions in Inches) 


- Out- . Out- 5 Out- 

No. Ritch side No Gee side No. Ane side 
Teeth 1am-~ | Diam-|| Teeth lam- | Diam-|| Teeth ti Diam- 
oes eter chee eter ee eter 
SRI Ss on es arcs eet ea Vo be nina ee ee he Sel oe I 
6 2.0000] 2.332 46 |14.6536|15.219 86 |27.3807|27.962 
7 2.3048] 2.677 AT 14.9717|15-538 87, |27.6989|28. 281 
8 2.0131) 3.014 48 |1§.2898]15.857 88 |28.0171|28.599 
9 2.9238] 3.347|| 49 |15.6079|16.176]| 89 |28.3354 29.918 
10 3.2361] 3.678 50 |15.9260]16.495 90 |28.6530|20. 23¢ 
II 3.5495| 4.006 51 |16.2441]16. 813 or |28.9718|29. 554 
12 3-8637| 4.332 52 16. 5019/17. 132 92 |20. 2900/29. 872 
13 4.1785] 4.057 53 16.8803)17.451 93 29.6082/30.191 
14 4.4940] 4.982 54 |17.1984|17-769 94 |29.9264/30.51¢ 
15 4.8097] 5.305 55 |17.5166|18.088 95 30.4, 30.828 
16 5.1250] 5.627 560 |17.8347|18.406 96 130.5628]31. 14¢ 
17 5.4423] 5.950 57 18.1529|18.725 97 130.8811 31.405 
18 5.7588] 6.271 58 |18.4710|19.044 98 |31.1994|31. 78: 
19 6.0756] 6.593 59 |18.7892]19.363 99 |31.5177|32.102 
20 6.30925| 6.914 60 |19.1073|19.681]| 100 31. 8360/32. 42¢ 
21 6.7095] 7.235 61 19.4255|20.000|| IOI |32-1543|32.73$ 
ede) 7.0266] 7.555 62  |19.7437|20.318|| 102 32.4726|33 .05% 
23 7.3439] 7-875 63 |20.0618|20.637|| 103 |32.7909 33.37¢ 
24 7.6613} 8.196 64 |20.3800]20.955]| 104 |33-109T 33-692 
25 7.9787) 8.516 65 }20.6982|21.274|| 105 |33-4274|34.01: 
26 8.2962] 8.836 66 |21.0164}21.593|| 106 |33-7457/34-.33) 
27 8.6138] 9.156 67 |21.3346]21.911|| 107 34 .0040]34.64¢ 
28 8.9315] 9.475 68 |21.6528|22.230]| 108 |34.3823 34.90% 
29 9.2491] 9.795 69 |21.9710]22.548]| 109 34. 7006]35 . 28¢ 
30 9.5068|10.114 70 |22.2892|22.867]|} I10 35 .0180]35.605 
31 9.8845|10.434 71 22.6074)23.185]| I1r 35.-3371/35 -92: 
32 IO. 2023|10.753 72 122.9250/23.504/| 112 35.655 130.241 
ei I0.5201|1L.072 73 «|23)..2438)23.822]| 113 [35.974 36.500 
34 10. 8380]11.392 74 |23.5020)/24.141|| 114 36.292 136.878 
35 IL,1558|1L.711 75 |23.8802]24.459]| II5 36.610 |37.19° 
36 II.4737|12.030 76 |24.1984]24.778|| 116 36.929 |37.51: 
37 II. 7917|12.349|| 77 |24.5166/25.096]| 117 137.247 37. 83¢ 
38 I2.1096]12.668 78 |24.8340]25.415|| 118 |37 565 |38.15: 
39 12.4275|12.987|| 79 |25-1531/25.733|| T19 |37.883 38.476 
40 12.7455|13.306 80 |25.4713|20.052]| 120 38.201 |38.78% 
4r I3.0635]13.625 8r |25.7895|26.370|| 121 138.519 39. 10¢ 
42 13.3815|13.944 82 |26.1078|26.689|| 122 |38.837 |39.42: 
43 13.6095|14. 263 83  |26.4260|27.007]| 123 39-156 |39.74; 
44 I4.0175|14.582 84 |26.7443|27-326]| 124 |39-475 |40.00: 
45 I4.3356]14.901 85 |27.0625|27.644]| 125 |39.794 40.381 
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MILLING AND MILLING CUTTERS 
MILLING MACHINE FEEDS AND SPEEDS 


TueE determining of the proper feeds of milling cutters in the past 
was usually a matter of guesswork, or experience, no absolute rule 
of any kind having ever been established. 

A guide for determining the proper feed of milling cutters is found 
in ascertaining the thickness of the chip per tooth of the cutter. 

Taking, for example, an average size milling cutter working in 
cast iron, say 2} inches diameter, 3 inches long, with eighteen 
teeth, which is quite commonly used, and it will be found that the 
thickness of the chip per tooth is quite small, resulting in .oo18 inch, 
with a table feed of 2 inches per minute. This is entirely too slow. 
Now, comparing this cut of .oo18 inch with a lathe tool cut, it will 
be seen that such a chip in a milling cutter is much smaller and is 
far more injurious to the cutter than a heavier feed, since the cut- 
ting edge of a tool will hold up longer in cutting into the metal 
instead of scraping it. 

A cutter is very seldom ruined by the feed, but is generally ruined 
by overspeeding it. For instance, with a cutter of thirty teeth with 
a table feed of .300 inch per revolution, the chip per tooth will then 


only be pe = .oro inch thick—still quite a light cut when compar- 


ing it with a lathe tool chip. Hence in many cases of milling, if the 
feeds are guided by the thickness of chip per tooth, a much faster 
feed would be used, since it is evident that the heaviest feeds, com- 
paratively, give only a thin chip per tooth. 


Cuttinc SPEEDS 


The Brown & Sharpe Mfg. Co. say: 

The feeds and speeds of cutters cannot be governed by any 
definite rules, but, in a general way the following surface speeds 
will serve to give an idea, or basis to work from. They may be 
varied slightly to suit the requirements of the work in hand. 
Using carbon steel cutters: For brass, 80 feet to 100 feet per min- 
ute; for cast iron, 40 feet to 60 feet per minute; for machinery 
steel, 30 feet to 40 feet per minute; and for annealed tool steel, 20 
feet to 30 feet per minute have been found satisfactory. With 
high speed steel cutters for the same materials, the following 
speeds are advocated: Vor brass, 150 feet to 200 feet per minute; 
for cast iron, 80 feet to 100 feet per minute; for machinery steel, 
80 feet to 100 feet per minute; and for annealed tool steel, 60 feet 
to 80 feet per minute. 

On steel of 65,000 tensile strength, with a cut 6 inches wide by 33; 
inch deep, a feed of 16 inches per minute can be maintained for 
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long periods. At 69 revolutions per minute and a feed of 0.262 
per revolution 18 cubic inches per minute was removed with 21 
horse-power. 

It is not always advisable to maintain the highest cutter speeds as 
a slower speed and heavier feed will prevent vibration and chatter. 
These are not maximum results but can be attained under regular 
working conditions. The horsepower required for removing a 
cubic inch of metal per minute on the milling machine may be safely 
considered as 1} horsepower for steel and = horsepower for cast iron. 


Tue AcTION oF A Miniinc CUTTER 


The action of the ordinary milling cutter with a radial tooth is 
not a true cutting action, as it is commonly understood. By a true 
cutting action is meant the driving of a wedge-shaped tool between 


Fic. 1.—Chip As- Fic. 2.—Action Fic. 3.—Coarse Pitch 
sumed to Be Pro- of Milling Milling Cutter 
duced by Cutter Cutter with Radial Teeth 
without Distortion 


the work and the chip and, although this definition is not based on 
a generally accepted meaning of the term, it is believed that it 
expresses fairly well what most mechanics understand by cutting. 
Radial tooth cutters cannot drive a wedge between chip and work. 
The tooth compresses the metal until it produces a strain great 
enough to causea plane of cleavage at some angle with the direction 
of the cutter. It then begins to compress a new piece, push it off, 
and so on. 

The chip taken by a milling cutter varies very materially from 
those taken by a lathe or planer tool. These latter tools make 
chips of uniform section, whereas the section of a milling chip 
increases from zero to a maximum. 

Fig. x shows a milling chip as it would appear, if no compression 
or distortion took place. The proportions are very much exagger- 
ated, so as to bring its typical shape clearer into view. The width 
A B at the top is equal to the feed per tooth. The height B C 
is the depth of cut. The length B D is the width of cut. The 
section M N OP, shown halfway on the chip, is a normal section and 
a measure of the amount of work which was done at the time the 
cutter passed the point M. 

Fig. 2 shows the action of a milling cutter, with center O, when the 
cutter is rotating and the work is feeding at the same time. The 
tooth A B sweeps through the path B C. When the point B has 
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reached the position By, a new tooth starts cutting. By this time O 
has advanced to position Oz, and the new tooth A» B» is not yet ina 
vertical position, when the point B, touches the work. When the 
cutter revolves, this point B, must penetrate into the work and com- 
press the metal of the work. The result will be spring in the arbor. 
When this spring has assumed certain proportions, the blade or 
tooth begins to remove a chip. This may be assumed to take place 
in the position Bs, the tooth simply gliding over the work from 
By to B3. This action must necessarily be very harmful to the 
cutter, and it was believed that this, perhaps more than any other 
action of the cutter, caused its dulling. It would be especially 
severe with light cuts, as a relatively small amount of spring would 
allow the point B, to travel through a large arc. It would be quite 
possible that a tooth should fail entirely to take a chip, and that 
the succeeding tooth would take a chip of double the amount. 

Fig. 3 shows a milling cutter with coarse teeth but with radial 
teeth instead of having the teeth undercut, or with a rake on the 
cutting surface. 


Form or Toors 1n tHE New Currer 


The foregoing considerations led to a gradual evolution of spiral 
milling cutters and a rake on the cutting edge. At first, the num- 
ber of teeth of spiral mills was only slightly diminished, as it was 
thought that some element which was not considered might affect 
the result. Gradually the spacing was increased and the cutters, 
as now used, have taken the forms shown in Figs. 6, 7 and 8, with 
a rate of about 10 deg. on the cutting surface. 


Tue Finish oF THE WorRK 


It is a common belief that better finish can be obtained with teeth 
closely spaced, but experience with the wide-spaced cutter shows 
that there is no ground for this belief. The grade of finish may be 
expressed by the distance between successive marks on the work. 
These marks are revolution marks and not tooth marks. It is 
practically impossible to avoid these revolution marks. They are 


caused by the cutter not being exactly round or quite concentric ° 


with the hole, by the hole not being of exactly the same size as the 
arbor, by the arbor not being round, by the straight part of the 
arbor not being concentric with the taper shank, by the taper shank 
not being round or of the same taper exactly as the taper hole in the 
spindle, by this taper hole being out of line with the spindle, by 
looseness between the spindle and its bearings, etc. Each of these 
items is very small in any good milling machine; yet the accumula- 
tion of these little errors is sufficient to cause a mark, and this mark 


needs to have a depth of only a fraction of a thousandth of an inch | 


to be very plainly visible. As these marks are caused by conditions 
which return once for every revolution of the cutter, it is plain that 
the spacing of the teeth can have no effect on the distance between 
them and, therefore, on the grade of finish. This has been proven 
by actual tests. 


| 


| 
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Coarse TooTtH CUTTERS 


Tests by Prof. J. A. Hall and Benj. P. Graves at the Brown & 
Sharpe Mfg. Co. show that coarse-tooth milling cutters require 
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Fic. 4—Hp. Required by Milling Cutters 


less power to remove a given amount of metal per minute than 
fine-tooth cutters. This is true on both wide and narrow work, ' 
although the margin in favor of the coarse-tooth cutter is greater 
on wide cuts. It is also true if both cutters are compared on a 
chip-per-tooth basis. 
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___ When compared on a chip-per-tooth basis, the finish given by 
the coarse-tooth cutter is better than that by the fine-tooth cutter 
' on account of the closer spacing of revolution marks. 
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Low-cutting-speed operation of fine-tooth cutters to give a large 
feed per tooth is objectionable on account of the increased stresses 
in the machine and holding fixtures. 

Fine-tooth cutters are much inferior to coarse-tooth cutters when 
the relative tendency to chatter is considered. Milling efficiency 
is increased by greater feeds per tooth. Few teeth and high speed 
require the least power. The limits are the shock due to hammer of 
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Fic. 6.—Spiral End Mills 


cutting edges on work and overheating tooth edges due to heavy 
pressures and high speeds. There is little danger of breaking 
teeth in a well designed, modern cutter. , 

Moderate rake angles reduce the power consumption and are 
desirable on all cutters to be used on mild steel. Large rake angles 
are undesirable due to the tendency to chatter. A cutting rake 
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of ro degrees takes from 20 to 25 per cent less power than a radial 
tooth. Beyond 10 degrees the power saved is very little and there 
is more tendency to chatter. This limitation is more serious than 
the danger of burning or chipping the edge. ; 

The spiral angle has little effect on the power consumption. 
A considerable spiral angle is desirable, however, because it makes 
possible the use of fewer teeth, gives smoother cutter action and 
reduces the tendency to chatter.. Angles of from 1o to 60 degrees 


eee ae 
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Fic. 7.—Side Milling Cutter 


were tried. The greater angles give smoother action and reduce 
the tendency to chatter. The end thrust is not appreciable, nor is 
there any reduction in power consumed. If the work extends 
beyond the cutter there is a possibility of burning the corners of 
the teeth. Figs. 4 and 5 show power required with modern cutter 
having rate and clearance show on the charts. 

With the few exceptions noted, coarse-tooth cutters of the type 
now generally manufactured are superior to fine-tooth cutters for 
all classes of production work. 

Fig. 6 shows three standard end mills of the Cincinnati Milling 
Machine Company. The angle of the spifal (more correctly a 
helix) is now made 20 degrees. These end mills also have the 
teeth undercut 10 degrees and the faces of the end teeth are cut 
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back of the radial line the same amount. The backs of the teeth 
are formed with double angles to give the required strength. 

A modern 5-inch side milling cutter of the same make is shown in 
Fig. 7." The peripheral teeth are undercut ro degrees, and on 
cutter 3 inch and wider the side teeth have 12 degrees side clear- 
ance. For milling slots where the width must be maintained, 
cutters in two parts, in which the teeth overlap or interlock, are 
used, as in Fig. ro. The halves can be separated by spacers and 
the staggered teeth prevent any hammer-blow action when widely 
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TABLES FOR USE IN CUTTING SPIRALS ON UNIVERSAL 
~ Miitinc MAcHINES 


The following tables show the leads of cutter spirals used by the 
Brown & Sharpe Mfg. Co. together with pitches and approximate 
angles for cutting spirals on universal milling machines. The 
necessary explanations are given in the note in the tables, these 
being made clear by the accompanying diagram. 


Tan Leaps or B. & S. Cutrer Sprrats (HELICES) 


c 
Ee 
Lead The leads of the Brown & Sharpe Cutter 


\4 Spirals are as follows: 
Cc 
O04 ARS Tan a = L 


Diam. of Cutter Lead Diam. of Cutter Lead 


MILLING AND MILLING CUTTERS 


238 


| | | | | Ev) Ee] Sz|EzrlLorx | eZ | z | vo | vz 
PNyg UO Ieay ysIX MAING UO IVD UN} 9U0 UI LE| Egz| ¥vrlgSx | cL | of | bg | ve 
pnig uo IaH puz X WIOM UO Teed X OI — SOYOUT UT pra] ay, ¥ge| gz] Errjorx | zZ | gz | to | vz 
' El] EL1\Sex1 | zl | be |*vo | ve 
a°] 79) ies 
pieclgelze| clecleehge| claxlerlarl x] el] el ale |e] ele] Ble Le LE le 
ia A s o 5 
Bol Bale g g 
soaideq Ul sapsuy Ie sIajouvIq] Jopuy) WeAlD sen[eA A f 8 8 2 
sour a a 8 n 3 
s n |e 
ND 2q 0} [TU JO ‘19yND ‘THA JO Jou s ES = 
o 
5 
*syUaZUe} JO 9[qe} 
2% Ul a[8ue 94} PUTT ‘oPSue 94} JO yUoSUE} OY} 9q 
[4 Juononb ay} pue prey ey} Aq equerayuMIT ay} © 4 
QpIArp JO troy void & YA D a[suv gy} dINSeoUL 
pue ‘suy e Aq D2 yoauto0D “qoud aq} jenba 
qv yeyT ‘auaTaFUMIID sy} [enbe 9g WT *o[sue 
qWZu eB Buteq g asue oy} sUIeIBeIp oq} UL UMoYs 
se ZULMtIP v OYLUT ‘9[qe} OY} UI oars UeY} 1039 
“WIVIP JaZIV[ B JO si9}jNd JO} apsue oy} Puy OT, 


ANIHOVW ONITIUJY TVSUTAIN] FHL NO (SHOTAP) STVALAS ONILLAD AOU SHIONY ALVNIXOUdAY INV SHHOL LO ATaV], 


239 


CUTTING SPIRALS 


aaa 


COMI Ht 
aaa 


itt 
MIMO N 


Ha rin HAHA 
HODDD NOOO MHwnt++ 4 


atdetoctookt  ractocit 


MILLING AND MILLING CUTTERS 


240 


§Eh| Frb| GF) Fol) vl) ¥x€| Ege] ¥Sz| zz| Egr| ¥S1| ¥€1| $11] $6 | ZL | ES | EE | Ex loo-z1| cL | gh | 2 | oS 
aa sa for ie FSE| $zf| $6z| Fgz| Ez) FOr) gx) FE1)/ E11} o1| g |] g | ¥ | ze |xxx1| zl | oF | z& | $9 
EF] For] EQE| ESE] EF) of] Foz] ¥Ez| oz| Fox] v1} zz) For\¥g | g | ¥ | z |h6-01| to | ob] zf | oS 
ELP|$rb| OF) $oL| ZEC| Zok| ELz| vz| Foz| €ox| $p1| $z1| For| $g |¥q | ¥ | z |Loror| zZ | gb | oF | bo 
y Bod | © 
BY Re ey P| ee) ee te pe) ea | a |e or pO ee: eb ees bab bot Oe Seeley al eeales 
B18 teen) SP te 
Seolfaq Ul sapsuy oie siojouIVIqT Jepuy Waals senjeA 5 g 8 Bs = 
=m o 
soyouy & 4 e 2 3 
6 el 
ND 2q 0} [Iq JO ‘ayND ‘PW Jo JejoureIGE 9 2 a 
ic] 
8 
i=] 
3 


B Ur alae ay) puny 


*s]UaZUv} JO 9[qe} 
‘a]Sue oY} JO JUSSuv} oy] aq 


T[}4 Juenonb 24} pue pee] ay} Aq aouarayuMoi19 ay} 
@priarp Jo :10}2vnoid & YVIM p a[Suv ay) eimsvour 


pue ‘our ev Aq v9 


pAb: ial 
WSU e Bureq g sue 


*aoUsIasWINIID a4} Tenba 2 ¢ 3aT 


pouuoy “youd 934} yenba 
“9[3ue 


ay} SweiserIp ayy’ Ur WMOYsS 


se ZUIMeIp yeu ‘oTqQv} 94} UT UsATS ury} Joya 
“WIP Josie] % JO si1a}jNd Joy a[Zue oy} puy oF, 


(panunquo)) 
ANIHOV] ONITTYL 


| 


TVYSUZAINQ FHI NO (Sao0r1ay7) SIValdg ONIILAD AOI SATONY ALVAIXOaddY GNV SHHOLIG iO TIAvy, 


241 


CUTTING SPIRALS 


THO AIT 
Dn mo 


ort 


HAAR aime 
ADHD MOO Mint + 


° 
re 


for 


ris 
H 
H 


ris copa! rica 


CoH Hea rads 
INS MMMAN 
HH HH HHH A 


heal 


291 


Lao 
H 
iS] 


ARH earth 


HA 
DADDODOMrEOWOO MMMTtTMMNMA DA 


St rt it 


i 


of 


Colt I i 
colt 


ARIAT 
00 OANMMDM ~Ero 
HoH 
ne 


HoH 
HoH 


re 
H 
H 
rit 


rt 


: 
: 
: 
i 
i 
£ 
i 


8 


ee or 
(OO Ohe a a 
QHAHH 


toate tet 
aouoortrtrTmonMnaA 
HHA AAA WW OHH 


CohsH tht 


COMIN toot ed 
DMmmwHMOOO0O MMM TTTMOAMNMMAA NA 


Co) 


Cot 
CHI att 
4H Ss & 
CobeH oot Cote 


OHARA 
Hae 
eaet cafe coher cahet HCA EIEN HOHE HES et 


tt 

HAHAH 
FrTTMMMMMAAAYA 

CaKee Heth A 


cols colet colt rls 


fH Cp aH ON HO rt if rade ft 


MNNAAANAAAA A AHHH HHH HARA 


rath cokes 


HHH AW HW HW HW WHY HW AWA A A A 


DOOOMm~rREROUOUMO MMMMMMATAMMMA AAA AH 


fH HEHE HOHE elie ict rot iit 


role ist 


242 MILLING AND MILLING CUTTERS 


MILLING HEART-SHAPED CAMS 


One method of producing heart-shaped cams is as follows: 

Lay out the curve of the cam roughly, as in Fig. 9. Drill and 
remove the outside stock, being sure to leave sufficient stock to 
overcome errors in laying out. Put the cam on the nut arbor and 
tighten securely. If the roll of the cam is 1 radius, select a milling 
cutter having the same radius, as the roll of the cam must come to 
the lowest point, which it would not be able to do if a cutter ofa 
smaller radius than that of the roll were used. It would also make 
a difference to the other points on the curve. of the cam, which is 
not quite so apparent at first glance. 
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Fic. 9.—Method of Laying Fic. 16>-Position of Cam 
Out Cam and Cutter When Com- 
mencing to Mill 


Selecting an Index 

Tur next operation is to place the cam between centers on the 
milling machine, having the cutter in line with the vertical radius 
of the cam, at its lowest point. Next choose an index circle 
which will give a division of the cam such that the rise of each divi- 
sion will be in thousandths of an inch, if possible. Vor this cam 
take a circle which will give 200 divisions. As this will make toc 
divisions on a side, the rise of each division will be o.or1 of an inch. 
Now raise the table to the required height, starting at the lowest 
point of the cam, and mill across, as in Fig. ro. 


Moving the Table 
For the other cuts lower the table o.orr each time, and revolve 
the cam one division until the highest point of the cam is reached 
then raise the table o.or1 for each division of the cam. | 
When the cam comes from the milling machine there will be founc 
to be small grooves left between the cuts. These may be easily 
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removed by smoothing off with a file without impairing the accu- 
racy of the cam. 

Most screw-machine cams can be made in this manner, and they 
will be found to be more accurate than if laid out and filed to the 


line, and also much easier to make after one has become accustomed 
- to the method. 


MILLING CAMS BY GEARING UP 
THE DIVIDING HEAD 


By the method here shown, cams of any rise may be milled with 

the gears regularly furnished with the milling-machine, 
With the head set vertically the lead of the cam would be the same 
~ as the lead for which the machine is geared, while with the head 
horizontal and the milling spindle also, a concentric arc, or rest, 
would be milled on the cam, regardless of how the machine was 
geared. By inclining the head and milling spindle, we can produce 
any lead on the cam less than that for which the machine is geared. 
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Fic. 11.—Diagram for Angle of Index Head 


The method of finding the inclination at which to set the index 


»head is shown in Fig. 11, and is simply the solution ofa plain right 


angled triangle, in which the hypothenuse represents the lead of 
the machine, and one of the other sides represents the lead we wish 


to produce on the cam. By dividing the latter by the former we get 
the sine of the angle of inclination. 


_ Take for illustration a plate cam having §-inch rise in 300 degrees. 
360 1 


706 Xo = 0.15; 


which is the lead we want on the cam, while the slowest lead for 
which the B. & S. machine can be geared is 0.67 


0.15 


0.67 


= 01224. 


- Consulting a tablé of sines, we find 0.224 approximates closely the 


sine of 13 degrees, which is the angle at which to set the head, and 


if the milling spindle is also set at the same angle, the edge of the 
cam will be parallel with the shaft on which it is to run. 
_ shows a milling-machine set for this job. 


Fig. 12 
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When a cam has several lobes of different leads, we gear the 
machine up for a lead somewhat longer than the longest one called 
for in that cam, and then all the different lobes can be milled with 
the one setting of gears, by simply altering the inclination of head 
and milling spindle for each different lead on the cam. 

If the diameter of the cam and the inclination of the head will 
admit, it is better to mill on the under side of the cam, as that brings 
the mill and the table nearer together and thus increases rigidity, 
besides enabling us to easily see any lines that may be laid out on 
the flat face of the cam. Also the chips do not accumulate on the 
work. 

The work is fed against the cutter by turning the index crank, 
and on coming back for another cut we turn the handle of the mill- 


Fic, 12,—Milling Cams 


ing-machine table. Asa result the work will recede from the cutter 
before the cam blank commences to turn, owing to back lash in the 
gears, thus preventing the cutter from dragging over the work 
while running back. : 

In this way we use to advantage what is ordinarily considered a 
defect in machine construction. 

The milling-machine, when used as shown in Fig. 4, will be found 
to be more rigid than when the head is set in the vertical position, 
and the cams will work more smoothly on account of the shearing 
action of the cutter. 

_ One possible objection to the method here advocated is the neces- 
sity of using, in some cases, an end mill of extra length of tooth. In 
practice, an end mill 3-inch diameter and witha 34-inch length of 
tooth is not unusual; but the results in both speed and quality will 
be found entirely satisfactory. 
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TABLES OF SETTINGS FOR MILLING 
SCREW MACHINE CAMS 


_ The accompanying table is for finding the angles used in milling 
Browne & Sharpe automatic screw machine cams. It is designed 


_to reduce the number of gear changes to a minimum, only eight 


leads being given. Leads above 6 inches are omitted, since the 


' theoretically perfect rise of a Brown & Sharpe screw machine cam 


is not a spiral and with steep rises this difference becomes so 


‘arise of 0.375 inch. Therefore 


- pronounced that the geometrical error far exceeds any errors usual 
to working the rise by hand, and the hand work is probably the 
_ cheapest. 


The operation of the table will be largely self-evident. The col- 


“umn at the left gives the cam rise for a complete revolution of the cam 
or the rise of lobe X too inches + number of hundredths in lobe. 


For example, we have a lobe covering eight hundredths and having 


2-875 5 tee = 4.6875 inches or the 


‘rise per complete revolution. The nearest rise to 4.6875 inches 
‘occurring in the table is 4.750 inches. ‘This will usually be near 
'enough, but if for any reason greater accuracy is required, inter- 


polation may be resorted to. 
In finding the angles for a set of cams one should first ‘find the 


complete rises of all the lobes. It is then a simple matter to assign 


as many of these rises to any one lead as come within the range of 
that lead, spreading the whole over as few leads as possible. 

These tables advance by cam lead differences of 0.005 up to 1 
inch; then by o.oro inch up to 1.5 inch; then by 0.025 and larger 


“increments to 6 inches. It is believed that the simple method of 
_ figuring for all intermediate steps as explained on pages 163 and 166 


will enable the reader to make full use of this method of setting 
for cam milling without the necessity of making many gear changes 
for dividing head leads, as eight leads in the tables cover the range 


of cam leads or rises from 0.005 to 6 inches. 
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ANGLE BETWEEN ARBOR AND TABLE 


ee es 


Rise in a | 0.670 | 1.050 
Complete 
Rey. of 
Cam 


CODCOD ODOOCOOOCoOOCCOCCCSCOCCCOOCOSCOCOOCOCOCOCOSCSCOCOOCOCOSOOOOCOSCCOCCCSC0NC0 So 


.005 o| 26 
.o1o 0} 51 
.O15 I| 17 
.020 I} 43 
.025 2) 08 
-030 2) 34 
-035 3] 00 
-040 Sills, 
+045 SH ee 
.050 4) 17 
-O55 Al 43 
.060 5| 08 
065 5] 34 
-070 6) 00 
075 6| 26 
080 6| 51 
085 CA lene, 
.090 7| 43 
095 8| 09 
- 100 8) 35 
-105 9] OL 
- 110 Ora 
+115 9} 53 
.120 10] 19 
a E25 To] 45 
.130 It| I1 
135 Ir| 38 
-140 I2| 04 
-I45 12] 30 
.150 I2| 56 
-I55 13] 23 
.160 13] 40 
165 I4] 15 
PU70 I4| 42 
-175 15] 08 
. 180 I5| 35 
-185 16| 02 
.190 16| 28 
-195 16| 58 
. 200 I7| 22 
-205 I7| 49 
-210 18} 16 
.215 18| 43 
. 220 I9| 10 
a325 I9| 37 
- 230 20| 05 
7235) 20| 32 
-240 20] 59 
.245 21I| 27 
. 250 PE WES 
.255 22| 22 
. 260 22| 50| r4} 20 
. 265 23| 18] 14] 37 


.270 23| 46] 14] 54 
APPS 24| 14] 15] I1 


Lead of|Lead of|Lead of|Lead of|Lead of|Lead of|Lead of|Lead o 
Mach. | Mach. | Mach. | Mach. | Mach. | Mach. | Mach. | Mach. 
1.500 | 2.000 | 3.000 | 4.000 | 5.000 | 6.000 
Inch | Inches | Inches | Inches | Inches | Inches 
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ANGLE BETWEEN ARBOR AND TABLE 


Lead of|Lead of|Lead of|Lead of|Lead of|Lead of|Lead of 
Mach. | Mach. | Mach. | Mach. | Mach. } Mach. } Mach. 
Rise ina | 0-670 | 1.050 | 1.500 | 2.000 | 3.000 | 4.000 | 5.000 
Complete | Inch | Inch Inch | Inches | Inches | Inches | Inches 
Rey. of 


Cam . A | r P 
$12] Sle] $lal Sle] $lal Stat$te 
AISIAISIAIlAIAlSyalealalalala 

0.280 24| 42] 15] 28 

0.285 25] ro} 15] 45 

0.290 25| 39] 16] 02 

0.295 26] 07| 16] 19 

0.300 26| 36] 16| 36 

0.305 27| 05| I6] 53 

0.310 27! 34| 17] 10 

0.315 28) 03] I7| 27 

0.320 28| 32) 17) 45 

0.325 29] or] 18] 02 

0.330 29] 30] 18] 19 

0.335 30] oo} 18} 36 

0.340 30] 30] 18} 54 

0.345 30] 59) 19} II 

0.350 31] 30] 19} 28 

0.355 32] Oo] Io} 46 

0.360 32] 30] 20] 04 

0.365 33] OI] 20] 21 

0.370 33] 31) 20) 38 

0.375 34] 92) 20) 55 

0.380 34| 33] 21] 13 

0.385 35] 04] 21] 31 

0.390 35| 36] 21] 48 

0.395 36] 07] 22] 06 

0.400 36] 39] 22) 24 

0.405 37| 12] 22] 41 

0.410 37] 44] 22] 59 

0.415 38] 16] 23] 17 

0.420 38] 49] 23) 35 

0.425 39] 22] 23] 53 

0.430 39] 55] 24] 11 

0.435 40| 29] 24] 28 

0.440 41] 03] 24] 46 

0.445 41} 37| 25] 05 

0.450 42) 12] 25] 23 

0.455 42) 47| 25] 41 

0.460 43] 22) 25] 59 

0.465 43] 57| 26] 17 

0.470 44] 32) 26) 35 

0.475 45| 09} 26] 54 

0.480 45) 46] 27| 12 

0.485 46] 23] 27] 31 A 

0.490 47| 00] 27] 40 

0.495 47| 38] 28) 07 

0.500 48] 16] 28] 26] 190] 28 

0.505 48] 55] 28] 45] 19] 40 

0.510 40] 34] 29] 04] 10] 53 

0.515 50] 14] 29] 23] 20] 05 

0.520 50] 55] 29] 41] 20] 17 

0.525 5I} 35] 30] 00] 20] 20 

0.530 52] 27] 30] I9| 20] 41 

0.535 52} 59) 30) 39] 20) 54 

0.540 53| 43] 30] 57| 21} 00 

0.545 54| 26] 31] 16] 21] 18 

0.550 55| rt] 32] 35] 21] 31 
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ANGLE BETWEEN ARBOR AND TABLE 


Lead of|Lead of|Lead of|Lead of|Lead of|Lead of|Lead of|Lead of 
Mach. | Mach. | Mach. | Mach. } Mach. | Mach. | Mach. | Mach. 
Rise ina | 0.670 | 1.050 | 1.500 | 2.000 | 3.000 | 4.000 | 5.000 | 6.000 
Complete | Inch | Inch | Inch | Inches | Inches | Inches | Inches | Inches 
ae of 
am A . A . of . 5 . , . A . 
S| |S) 2} S)¢/8)2/9| 6] S|] 8] lg] ole 
AIFIAISIAISZIAIzAIAlSI(Alslalzials 
0.555 55} 50} 31) 55) 21) 43 
0.560 56} 42] 32} 14] 21] 55 
0.565 57| 30] 32] 33] 22) 08 
0.570 58] 18] 32] 53] 22] 20 
0.S75 59] 07} 33) 12) 22) 33 
0.580 59] 58] 33] 32) 22] 45 
0.585 60] 50] 33] 52] 22] 57 
0.590 61} 43] 34] I2] 23] 10 
0.595 62| 38] °34] 31] 23] 22 
0.600 63] 35] 34] 51) 23] 35] 17] 27 
0.605 64] 34] 35} 11} 23] 47] 17) 37 
0.610 65] 33] 35] 31] 24] oo} 17] 46 
0.615 66} 41} 35] 51] 24] 13] 17] 54 
0.620 67| 54) 36] 12] 24] 25} 18] 04 
0.625 68} 53} 36} 31] 24] 37] 18] 13 
0.630 70| 06] 36) 52] 24] 50] 18| 22 
0.635 71| 24] 37] 13] 25] 03} 18} 31 
0.640 72} 48] 37] 33] 25] 15] 18] 4o 
0.645 74) 17] 37] 55] 25] 28] 18] 49 
0.650 75} 58] 38] 15] 25] 40] 18} 58 
0.655 77| 51] 38) 36] 25) 53): 19] 07 
0.660 80] 06] 38] 57] 26] 06} 19] 16 
0.665 83] 00] 39} 18} 26] Io] ro} 25 
0.670 90} 00} 39] 39] 26] 32] ro} 34 
0.675 40] OO] 26) 45] I9] 43 
0.680 40) 22] 26] 57] I90] 53 
0.685 40] 43] 27] 10] 20] 02 
0.690 41} 05} 27] 23] 20] rz 
0.605 4I| 27] 27] 36] 20] 20 
0.700 AI] 49] 27] 49] 20] 20 
0.705 42] It} 28] 02] 20} 38 
0.710 42| 33] 28] 15] 20] 48 
0.715 42| 55| 28] 27] 20] 57 
0.720 43] 17| 28] 40} 20] 06 
0.725 43) 40] 28] 53] 21] 15 
0.730 44| 03} 20) 07) 21) 24 
0.735 44] 26] 20] 21/ 21] 34 
0.740 44] 49} 20] 34] 21] 43 
9.745 45} 12) 20) 47] 21) 52 
0.750 45| 35] 30] oo] 22] 02 
0.755 45| 58] 30] 13] 22] 11 
0.760 46| 22] 30] 27] 22] 20]° 
0.765 . 46| 46] 30] 40] 22] 20 
0.770 47| I0} 30) 53] 22! 39 
0.775 A7| 34] 31] 06] 22] 48 
0.780 47| 59] 31] 20) 22) 57 
0.785 48] 23] 31] 34] 23] 07 
0.790 48] 48] 31] 47] 23] 16 
0.795 49] 13] 32] Oo] 23] 25 
0.800 49} 38] 32] 14] 23] 35 
0.805 50] 03] 32] 27] 23) 44 
0.810 50] 20] 32) 41] 23] 54 2 a 
0.815 50} 55| 32] 55] 24! 03 Z 
0.820 51] 21]. 33] 08] 24] 12 
0.825 51| 47| 33] 22] 24] 22 
—oaaeeeeeeoeoeoooeee—eeeeeeeeeeeeeeeeee ee 
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ANGLE BETWEEN ARBOR AND TABLE 


Lead of|Lead of|Lead of|Lead of|Lead of|Lead of|Lead of|Lead of 
Mach. | Mach. | Mach. | Mach. | Mach. | Mach. | Mach. | Mach. 
Rise in a | 0.670 | 1.050 | 1.500 | 2.000 | 3.000 | 4.000 | 5.000 | 6.000 
Complete | Inch | Inch | Inch | Inches} Inches | Inches | Inches | Inches 
38 OL Ase a pave Ry SS GLE RG RTT RG) 
am ; ; 5 : ; a 3 ; ; othe. [eet 5 
S/S) S/S Sl Si slPlsl els] Sls] Sls 
AIAZIAIS Ala lA la Qlalateiatefalea 
0.830 52| 14] 33] 36] 24] 31 
0.835 52] 41} 33] 49} 24) 41 
0.840 53|/ 08] 34] 03] 24] 50 
0.845 53{ 36] 34] 17] 25] 00 
0.850 54] 03) 34} 31) 25] 09 
0.855 54] 31] 34] 45} 25] 19 
0.860 55| 00] 34] 59] 25] 28 
0.865 55| 28] 35] 13] 25| 38 
0.870 55] 57) 35) 27) 25] 47 
0.875 56] 26] 35] 41] 25] 57 
0.880 56] 56) 35] 55] 26] 06 
0.885 57| 27| 36] 10] 26] 26 
0.8900 57] 58} 360] 24| 26] 25 
0.805 58) 20] 136} 38] 26] 35 
0,900 59] 00} 36} 52] 26] 45 
0.905 59| 32] 37] 07|.26] 54 
0.910 60] 06] 37] 21] 27) 04 
0.915 60] 38] 37] 35] 27] 13 
0.920 61] II} 37] 50} 27| 23 
0.925 61] 46} 38] 04] 27] 33 
9.930 62} 20} 38] 10] 27] 43 
0.935 62) 57) 38) 33}27] 52 
0.940 63] 33| 38] 48] /28] 02 
0.945 64| 11] 30] 03] 28] r2 
0.950 64| 49} 39] 18} 28] 22 
0.955 65] 26] 39] 33] 28] 31 
0.960 66] 06] 39] 47] 28] 41 
0.965 66] 48} 40] 02] 28] 51 
0.970 67] 30] 40] 17} 29| o1 
0.975 68] 13} 40] 32] 20] 11 
0.980 68] 54] 40] 47] 29] 20 
0.985 69] 45} 41] OI] 20] 30 
0.990 70| 32] 41| 17] 29] 40 
» 0.995 71| 23] 41] 33] 29] 50 
{| 1.000 72| 15| 41] 40} 30] oo} 19} 28 
wee T).0L0 74| 08] 42] 20] 30] 20] 19} 40 
1.020 76| £6] 42] 50] 30] 40] 19] 53 
1.030 78| 48) 43] 23] 31] 00] 20] 05 
1.040 82] 05] 43] 54] 31] 20] 20] 17 
1.050 90| 00] 44] 27] 31] 40] 20] 29 
1.060 44| 57| 32] 00] 20} 41 
1.070 45| 30] 32] 20] 20] 54 
11.080 46] 04) 32] 41] 21] 06 
1.090 46] 36} 33] Or] 21] 18 
i) T}..L00: 47| 10] 33| 22] 21] 30 
/1.110 47| 44] 33] 43} 21} 43 
I.120 48] 18} 34] 03] 21] 55 
1.130 48) 53) 34] 24] 22] 07 
2.140 49| 28] 34] 45] 22] 20 
eS I.050 J 50| 03] 35| 06] 22] 33 
1.160 50] 39] 35] 27] 22] 45 
Fe L:70 ? 51| 16] 35] 48] 22] 58 
Ay 1.180 51} 53| 36] 09] 23] 10 
» 1-190 52] 30] 36] 31) 23] 22 
1,200 53| 08| 36] 52] 23] 35 
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ANGLE BETWEEN ARBOR AND TABLE 
Lead of|Lead of|Lead of|Lead of|Lead of|Lead of|Lead of|Lead of 
Mach. | Mach. | Mach. | Mach. | Mach. } Mach. | Mach. | Mach, 
Rise ina | 0.670 | 1.050 | 1.500 | 2.000 | 3.000 | 4.000 | 5.000 | 6.000 
Complete | Inch Inch | Inch | Inches | Inches | Inches | Inches | Inches 
go of 
f $14/61¢4|8l 4/4] 4} 148] &]18] S| 8] 1s 
Si Sl/ P18) ee) Sl) sl) els] ols] els] ole 
Alzl|alslalelalelalszlalalalalalsa 
1.210 53| 46] 37) 14] 23] 47 
1.220 54] 25] 37] 35] 23] 59 
1.230 55] 05) 37) 57) 24) 12 
1.240 55} 45] 38] ro} 24) 25 
1.250 56] 26] 38] 41] 24] 37| 18] 13 
I.260 57| 08] 39] 03] 24] 50] 18| 22 
L270 57| 51] 39] 25| 25] 03] 18} 31 
1.280 58] 34] 39] 48] 25] 15) 18] 40 
1.290 59] ro] 40] o9| 25} 28] 18] 49 
I.300 60] 04| 40] 32| 25} 41] 18] 58 
I.310 60] 51] 40] 55] 25] 53] I9| 07 
I.320 61} 38| 41] 18] 26} 06] ro} 16 
1.330 62| 28] 41] 41] 26} 19} 19} 25 
1.340 63] £7] 42| 04] 26} 32) Io} 34 
I.350 64| ro} 42| 27] 26] 45) I9| 43 
1.360 65] 03] 42] 50] 26] 57| 19} 53 
1.370 65| 59] 43| 14] 27] Io] 20| 02 
1.380 66] 56] 43] 38] 27] 23] 20] IT 
1.390 67] 55] 44] 02) 27] 36] 20] 20 
1.400 68] 40] 44] 25] 27| 49] 20) 290 
I.410 70| 03] 44] 50] 28] 02] 20) 39 
I.420 71| 12] 45| 14] 28] r5| 20| 48 
1.430 72| 26] 45| 30] 28] 28] 20] 57 
I.440 73| 45] 46| 03} 28] 41] 21| 06 
1.450 75| 00] 46] 28] 28] 54] 21) 15 
I.460 76| 45| 46] 53) 20] 07| 21] 24 
1.470 78| 31] 47| 18] 29] 20} 21) 34 
1.480 80] 38] 47] 44] 29] 33] 21] 43 
I.490 83| 23] 48] ro} 20] 46| 21) 52 
I.500 90} 00] 48] 36} 30] 00] 22] 02 
Les25 49] 41] 30] 32] 22] 24 
1.550 50] 48] 31} 06| 22) 48 
1.575 5I] 57] 31] 40] 23} I1 
I.600 53| og} 32] 14] 23] 35] 18] 40 
1.625 54| 23] 32] 48| 23| 58} 18] 58 
1.650 55| 39] 33] 22| 24] 21) 19] 16 
1.675 56] 52] 33] 56] 24] 45] 19) 34 
1.700 58] r2} 34] 31] 25} OO} 19} 52 
Ge725 590] 36] 35] 06] 25] 33] 20] I1 
Ge750 61] 03| 35] 41] 25] 57] 20) 290 
L775 62] 34| 36] 16] 26] 21] 20) 48 
1.800 64| ro] 36] 52] 26] 45] 21] 06 
1.825 65| 51| 37) 28] 27] 09} 21] 24 
1.850 67| 40) 38] 04) 27] 33] 21) 43 
1.875 69] 38] 38] 41] 27] 57] 22] 02 
1.900 71| 49] 39) 16] 28} 21) 22) 20 
1.925 74| 16] 39] 55] 28} 46] 22] 39 
1.950 77| 10] 40] 33] 29] IO} 22) 57 
1.975 80| 56| 41] It] 20] 35] 23] 16 
2.000 90| oo} 41| 49} 30] Oo] 23} 35] 19} 2! 
2.100 44| 26] 31] 40] 24] 50} 20} 21 
2,200 47| 10| 33] 22] 26]-06} 21] 3: 
2.300 50| 03] 35| 06]*27].23] 22] 3: 
2.400 53| 08] 36]: 52] 28] 41| 23] 3: 
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ANGLE BETWEEN ARBOR AND TABLE 


Lead of|Lead of|Lead of|Lead of|Lead of|Lead of|Lead of|Lead of 
Mach. | Mach. | Mach. ; Mach. } Mach. | Mach. | Mach. | Mach. 
Rise in a | 0.670 | 1.050 | 1.500 | 2.000 | 3.000 | 4.000 | 5.000 | 6.000 
Complete | Inch Inch Inch | Inches | Inches | Inches | Inches | Inches 
Rev. of 
Cam 5 Eqn Ag eee stew oe Rut ee = [ies Bh 5 
a MRE gS F/O) fsa GOT Se leo Te ith BOUE Stat) eit | Teh a ebOn | et 
Ake 1A aA |S ee he | Sher eerie ale 
2.500 | 56] 24] 38] 41] 30] oo| 24] 37 
2.000 60} 04] 40} 32] 31] 20] 25] 41 
2.700 64] 00] 42] 27] 32] 41] 26) 45 
2.800 68] 58] 44] 25] 34] 03] 27] 49 
2.900 75| 09] 46] 28] 35} 27] 28] 53 
3.000 90} 00} 48] 36] 36] 52] 30] 00 
3.100 50} 48} 38] 19] 31] 08 
3.200 53] 08} 39] 47] 32] 22 
~ 3.300 55] 35] 41] 18] 33} 22 
3.400 58} 13] 42] 5I} 34] 32 
3-500 61] 03] 44] 26] 35] 41 
3.600 64] 09] 46] 03] 36] 52 
3.700 67| 40] 47] 44] 38] 04 
3.800 71| 40] 49] 28] 30] 18 
3.900 77| IO} 5t| 16} 40} 33 
4.000 90} 00} 53) 07] 41] 49 
4.250 58] 12] 45] 09 
4.500 64] 10] 48] 36 
4.750 7I| 49) 52} 20 
5.000 90} 00] 56} 26 
5.250 61| 03 
5.500 66] 26 
§-550 73| 24 
6.000 90] 00 


Other Tables for Milling Cams 


The following tables computed by the Cincinnati Milling 
Machine Co. will be also found very useful. 

_ These tables give all the information necessaryand it onlyremains 
for the milling machine operator to select the lead of the desired 
cam from the tables and set up for the corresponding change gears 
and angles. 

In setting the vertical milling attachment read the angle direct 
from the dial. Example: if the angle given in the table is 394 
degrees, set the spindle 39% degrees from its vertical position. 

In setting the dividing head, subtract the angle in the table 
from oo degrees. The difference represents the angle to which 
the dividing head spindle must be raised from the horizontal 
position. 

__ Example: The angle given in the table is 394 degrees. 90 
degrees —30} degrees equals 503 degrees. 

Set the dividing head spindle 503 degrees up from the horizontal 
Position. This angle is read direct from the dial. The set up is 
shown in Fig. r2. 

_ The tables may of course be used in connection with the cutting 
of any other similar cams. 


) 
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rst Intermediate 
and Intermediate 
1st Intermediate 
2nd Intermediate 
Gear on Worm 


rst Intermediate 


Gear on Worm 
Gear on Screw 
Gear on Worm 
Gear on Screw 


2nd Intermediate 


Gear on Screw 
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| 


ala 3 2\8 ae 

Bf. z 3 | 8 3 |. 
5/318] 6 ele | 3) 8 Bi s|3/ 6 

Eel Ed EB) EI H|S El E| Elo 
B/2/els]. 8) 2/38 8/2) | 8 

7 4 4 Lae oe le! hy | wpe Lo] y ig 4 2 

Sislelslsi Fl 8 [slelelslBl & lslSlsl ale 
BM POLES oOl<] & (Ola slolai] & lols] siai« 
+759 | 24) 72] 28})100|363]| .800 | 24| 72] 28/too/3r 850 | 24] 72] 24} 86/24 
-751 | 24) 86] 28}100/1 80r | 24] 72] 24] 86/304|| -852 | 24] 64] 24|1c0|19 
-752 | 24) 72] 24|100/20 || .802 | 24] 64] 24] 86/40 || -851 | 24] 72| 28)100|24 
-753 | 24| 86} 32|100/324)| .803 | 24| 86] 32}r00/26 || -853 | 24| 72| 24| 86/233 
-754 | 24) 72) 24|100]194]| .804 | 28] 86] 32)100}303!| .854 | 24] 86] 32|/x00|r7 
-755 | 24| 72| 28}100/36 805 | 24] 72] 321100/4r 855 | 24) 64] 28/100/354 
+756 | 24) 86] 28}100/143|| .806 | 24] 86} 32/00/25] .856 | 24] 36] 32|/100/164 
-757 | 24) 72! 24] 86)/354]| -807 | 24) 64] 24) 86/303/| .857 | 24] 64] 24] 86/35 
-758 | 24| 86) 28}100)14 || .808 | 24} 72] 28) 100/30 || -858 | 24] 64] 24|r00\17} 
+759 | 24] 64] 24]100/324]| .809 | 24] 64] 24|100)26 || .859 | 24| 72| 24] 86/224 
+760 | 24] 72] 28]100/354]| -810 | 28] 86] 32/100/39 || .860 | 24] 64] 28]100/35 
-761 | 24} 86] 28}r00l13 81x | 24] 72] 32|/100/40#} .861 | 24] 72] 28] 86/37} 
+762 | 24) 72| 24) 86/35 812 | 24} 72] 28}100)293!| .862 | 24) 72] 28)100)224 
+763 | 24] 72] 24|/100}173]| .813 | 24] 72] 24] 8620 863 | 24] 64| 24]100|}164 
-764 | 24] 86} 28}ro0/r2 || .8r4 | 24] 64] 24] 86]30 |] .864 | 28] 86] 32/100/34 
+765 | 24) 72| 24|100/17 815 | 28] 86] 32\100/383)| .865 | 24! 64] 24|100|16 
-766 | 24] 72] 24| 86)343]| .816 | 24) 72] 28}r00l20 866 | 24] 86] 32\r00}14 
-767 | 24) 72] 24|100|164] .8r7 | 24] 72] 24] 86/2841] .867 | 24] 64] 24|100/154 
+768 | 24| 86] 28!100]ro0}|] .818 | 24] 72) 28) 86l4r 868 | 24] 72] 28}1oo|214 
-769 | 24) 86) 28}roo}r0 || .819 | 24} 86) 32) 100/234]] -869 | 24] 64] 24/r00|15 
-770 | 24| 86} 32|100/303] .820 | 24] 72] 28}100/284]| .870 | 24] 86] 32/100/13 
-771 | 24) 72) 24) 86/34 |} .82r | 24] 72] 24| 86/28 || .87z | 24] 64] 24|1r00jr4y 
+772} 24) 72] 24|100\15 || .822 | 24! 86] 32} 100/23 || .872 | 24! 86] 32}r00;124 
773 | 24} 86] 32/100]30 823 | 24] 72] 32]/100/304]| .873 | 24] 64) 24|100]14 
-774 | 24] 72) 24|100|143]| .824 | 24] 72] 28}r00/28 || .874 | 24] 72] 24] 86)20 
-775 |'24| 64] 24|100]304] .825 | 24] 72] 24] 86|274| .875 | 24] 86] 32|100/r1} 
-776 | 24} 72| 24|x00]14 || .826 | 28] 86] 32/100/373]| .876 | 24] 64] 28}100/334 
-777 | 24| 86] 32|r00}294]| .827 | 24} 72] 28|100/274)| .877 | 24| 64} 24|r00/r3 
-778 | 24] 72) 28|}100/333]| .828 | 24] 86] 32|/100/22 878 | 24| 86] 32/100 st 
-779 | 24| 72] 24|100|/13 829 | 24] 86] 40]ro0l|42 879 | 24| 64] 24/r00}r2 
|.780| 24] 72! 24] 86/33 || .830 | 24! 64] 24] 86|373]| .880 | 24] 64| 24/x00|r2 
«781 | 24) 72| 24/100/124]| .83r | 24] 72) 28] 86)40 88r | 24) 64) 28}/100]33 
-782 | 24] 72] 28|100]/33 || .832 | 24] 72] 24] 86/264] .882 | 24] 64] 24]100 st 
+783 | 24] 64] 24|100|293]| .833 | 24) 56] 24/100]36 || .883 | 24] 64) 24] 86/32 
+784 | 24] 72] 24/x00|114|| .834 | 24] 86] 32|/r00]2r |] .884 | 28] 86] 32|r00/32 
+785 | 24] 86) 32|100/284] .835 | 24] 72] 32/x00/384] .885 | 24] 64] 24/100|1r0} 
+786 | 28} 86] 32/100/4r 36 | 24] 72] 24) 86/26 886 | 24] 64] 24|100]/r0 
-787 | 24] 64) 24|100]29 || .837 | 24] 72} 28] 86/304]| .887 | 24| 72} 24] 86|174 
-788 | 24] 72] 24/xo0]r0 || .838 | 24] 56) 24/x00/354]| .888 | 24] 641,24] 86}32 
-789 | 24| 72] 24] 86/32 839 | 24] 86] 32|100/20 || .889 | 24} 72| 24| 86|\r7 
+790 | 24] 64! 24} 86|4x 840 | 24] 64] 24|100\21 890 | 24] 72] 28}100)174 
+791 | 24) 64] 24/100) 284]| .84r | 24| 72] 32/100/38 8o9r | 24] 56] 24]100/30 
+792 | 24| 86) 32/100|274]| .842 | 24] 86] 32|100/r04!] .892 | 24] 72] 24] 86/164 
4793 | 24) 72| 24) 86/324] .843 | 24} 72] 28] 86/30 || “803 | 28] 86] 32/x00|3x 
+794 | 24] 72] 28] 86)43 844 | 24] 86] 32/100]/r9 94 | 24! 72) 24) 86/16 
+795 | 24) 72] 28)100/314]| .845 | 24] 72| 28]100]/25 805 | 24] 64] 28|r00/3r 
+796 | 24! 64) 24] 86]404| .846 | 24] 64) 24|100]20 || .896 | 24] 72] 24] 86 at 
-797 | 24) 72] 24] 86/3x 847 | 24] 86] 32/100/184]| .807 | 24] 72] 28\100/16 
-798 | 28} 86] 32/100] 40 848 | 24] 64) 24/100/194]| .808 | 24] 72] 24| 86\r5 
-799 | 24] 72] 32|100/414]| .849 | 24] 86} 32/r00}18 |} .899 | 24] 72] 28}roolrs} 


} 
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o| 0 o}] 2 oe} 
Ele [|e g| 3/8] e a/2/S8le 
2/75) Ba 8 6|3|2| 8 6|3| 38} 8 
Flel ela Ble) sla El s|bla 
£/3)/S8le a/5/8)e a{ si 8) ¢ 
OH eal et go On ae Re 3 olay alo 
~~ wf Seal wy tS ~ Hla ty |p-B col PA re ee er 
$ | Sie) 0) 8/8 “3 1 8ler sl sels | sieagt 8 ie 
A RO] By Rie let Od By Se bt ey) hed A ee 
goo | 24] 56] 24|100/20 oso | 24] 72| 32| 86]40 || r.000 | 24! 86} 44|100/35 
gor | 24| 72] 28)100/15 9st | 24] 56| 24)x00|223|| r.c0r | 24| 56} 24) 100/13 
902 | 24] 72| 24] 86/14 952 | 28] 86] 32|r00]24 || 1.002 | 28] 86} 32|100/x¢ 
903 | 24] 72] 28}roo|144|| .o53 | 24| 64] 24| 86/24%| 1.003 | 24| 56} 24/100)13 
904 | 24} 72] 24] 86|134/| .954 | 24] 56] 24|100|22 || r.004 | 28] 86) 32/r00\r5 
905 | 24) 72} 28|ro00|14 955 | 24] 72| 32|100}263| 1.005 | 24] 56] 24)100|12 
906 | 24) 72} 24) 86/13 956 | 24) 64] 28] 86]384| x.006 | 24] 56} 24|100/12 
907 | 24] 72| 28|r00|133| .o57 | 24| 56| 24/x00|213| 1.007 | 24| 64} 24] 86)16 
908 | 24] 72] 24] 86/124)! .95 24| 72| 28) 86|28 |) r.008 | 24] 56) 24/100\11 
909 | 24) 72] 28|100/x3 959 | 24] 72| 32|100 26. 1.009 | 28] 86) 32|100)14 
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| ¥ 
o Fe o Oo 
Sls Boles 2\8 

Bells glslsle EIS /3/5 
S) olan Sig} e}e o13 8 = 
Blalele Se: Eleleld 
alosl3ia a Paee lg a/3|/3}q 
olg EW Oa ars SNS RED IBS has o| Fs S1ole 

S/elslelslel F lelaleislel S lglelsisle 
3) oO Oo] » o 

SiS 8 /FiS|Zi 8 [Sia] Bisa) § [5/8] s/s] 4 
24| 72| 28] 86]143/| 1.150 | 24] 56] 24] 86|16 || r.250] 24] 64] 28) 72/132 
24| 86] 40|100/194|| 1.152 | 28] 86] 44]100/364]| 1.252 | 28] 86] 40/r00|16 
24| 72| 28] 86|r4 || 1.154 | 24] 64] 28) 86|r9 || r.254 | 24] 64] 32] 86/26 
24) 56) 24] 86/28 || 1.156 | 24) 64] 32|100/154)| 1.256 | 24] 64] 28] 72/304 
24| 86] 40|100 184 1.158 | 24] 56] 24] 86/144]| 1.258 | 28] 86] 4o|roo/15 
28| 86] 40/100]354]| 1.160 | 24] 56] 24] 86/14 |) 1.260 | 28} 86] 40/100/144 
24| 72| 28| 86)12 || 1.162 | 24) 64] 32|100/144]] 1.262 | 32] 56] 24|100]23 
24| 86] 40|100|174)]| 1.164 | 24] 64] 32]/100/14 || 1.264 | 24] 72] 40/00/18} 
24| 56] 24| 86/27 || 1.166 | 24] 72] 40|100/29 || 1.266 | 28] 86] 40]100/134 
24| 64) 28} 86] 20]) 1.168 | 24) 56] 24] 86/123)| 1.268 | 24) 72] 40|100/18 
24| 86) 40|100]163]| 1.170 | 24] 56] 24] 86|12 || 1.270} 24] 72] 44/100/30 
28) 72| 32|100/303]| 1.172 | 24) 56] 24| 86)113]| 1.272 | 28] 72] 32] 86,28} 
24| 64] 32/100/263]| 1.174 | 24] 56] 24; 86)1x || 1.274 | 28] 86] 40/t00|12 
24| 64| 32] 86/304]| 1-176 | 24] 56] 24] 86|104|| 1.276 | 28) 86] aol|roo|11} 
24) 86} 40/too]T5 || 1.178 | 24} 56] 24] 86}10 || 1.278 | 28] 86] 4o}100)/rr 
24| 86] 40/100]144]| 1.180 | 24) 64] 32|/100]104]| 1.280 | 28] 86) 40/100|10F 
28) 86) 44/100/q4r || 1.182 | 24] 64] 32/100]z0 || 1.282 | 28) 86] 4o/100|/10 
24| 56] 24] 86)25 || 1.184 | 24] 64] 32/100] 94 1.284 | 24} 72| 40/100\15$ 
28) 86) 40] 100/333|| 1.186 | 24] 86] 44]100]r5 || 1.286 | 40] 64] 24]100/31 
24| 56| 24] 86}243]| 1.188 | 24] 72] 40|100|/27 || 1-288 | 24] 72| 40/r100\15 
24) 72) 32| 86]/283|| 1.190 | 24|.64| 28] 86/13 || r.2900 | 24] 72] 40/100]/144 
24| 86] 40}100/12 || r.192 | 24) 64] 28] 86)x124)| 1.292 | 32] 56) 24)1x00/19 
24| 86] 40/100/114}| 1.194 | 24] 64| 28) 86)12 || 1.2904 | 24] 86) 48}100\15 
24| 86] 40|100/r1 || 1.196 | 28] 72] 32|100]16 || 1.296 | 24] 72] 40|100/134 
28] 72] 32|/100/28 || r.198 | 24] 72] 32| 86/xr5 || 1.2908 | 24] 64] 32] 86j2r 
28] 72] 32| 86]403||1.200 | 24] 72| 32] 86]144]| 1.300 | 24] 86) 48} 100/14 
24| 64] 28] 86]253||z.202 | 24; 64| 28] 86]10 || 1.302 | 24] 64] 32] 86/2r 
24| 86] 44|100/26 || 1.204 | 28] 72| 32|100/143|| 1.304 | 24] 72| 40]/100/12 
40| 64] 24/100]424]| 1.206 | 24] 72] 32| 86/134]| r.306 | 24] 72) 4o|100/114 
24| 86} 44/100]253|| 1.208 | 24] 72| 32] 86/13 || r.308 | 24]. 72| 40]100}11 
24| 72) 32| 86]264|| t.210 | 28] 72] 32|100/134|| 1.310 | 24] 64] 28] 72/26 
24| 72) 40|100]334|| 1.212 | 28] 72] 32/100]z3 || 1.322 | 40] 64] 24/100/209 
24| 64] 32| 86/37 || 1.214 | 24] 86] 48]100]25 || 1.314 | 28] 86] 44]100)234 
24| 56| 24] 86/2z || 1.216 | 32] 56] 24|/100/273]| 1.316 | 28) 64] $2/100/20 
28] 72] 32|100/26 || r.218 | 24] 72| 4o|x00/24 || 1.318 | 24] 86] 48}100|104 
24] 56] 24| 86]204]| 1.220 | 28] 86] 40|100}203|| 1.320 | 24] 86) 48}100|10 
24| 86} 44|100]24 || 1.222 | 24] 72| 40|/100}234|| 1.322 | 28! 72] 32] 86)24 
24| 56| 24] 86]20-|| x.224 | 28] 86] 4go}roo}2o || 1.324 | 32] 56) 24/100\15 
24| 86] 44|100]234|| 1.220 | 24] 72] 48|z00|40 || 1.326 | 32] 86) 40/100/27 
24| 64] 32|100]20 || 1.228 | 28] 86] 44/100{31 || 1.328 | 28] 64) 32/100|18$ 
24| 72] 40|100]32 || 1.230 | 28] 64] 32|/100}284]| 1.330 | 32] 56) 24|100/14 
24| 64] 28] 86)22 || 1.232 | 24] 72| 40/100]223]/ 1.332 | 28] 64) 32/100/18 
24| 56] 24) 86]184\| 1.234 | 24] 86] 48}x00}23 || 1-334 | 24) 64) 32] 86/17 
24| 64) 28| 86]214!| 1.236 | 24| 72} 40/r100}22 || 1.336 | 32] 56] 24]/100/13 
24| 64] 32|100/184]| 1.238 | 28] 86| 40)100/18 || 1.338 | 32] 56] 24}100\12} 
24| 64} 28] 86/2 || 1.240 | 24] 72] 4o|r00}214]| 1.340 | 24] 72] 44|/100)24 
24| 64) 32| 86/35 || 1.242 | 28] 86| 4o|r00|174)| 1.342 | 28] 64) 32|100/164 
24| 50} 24) 86/17 || 1.244 | 24] 72) 40|roo}2z || 1.344 | 24) 64] 32] 86\x53 
24| 86| 44|x00]2t || 1.246 | 32| 72| 40|/100]454|| 1.346 | 32] 56| 24)100|11 
24| 64| 32\x00]17 || 1.248 | 28] 86] 40|100/163]| 1.348 | 32| 56] 24/100) 104 


256 MILLING AND MILLING CUTTERS 
| 2|s 9/8 2/8 
gis|/-Sle ais as is |: E 
| 5/3 (3| 2 5/2/3| 8 EPS| ele 
Eel E[3 B| alle B/ El Ela 
a|/o/|S3/a HI S/8ia eo} S| 8ia 
Slate elel | [Ses cla 6 ba tarene la 
| Ss SlelZi2) & lelel sige] & (slelzial: 
) SEs PSS Tey Vector HW |OLalslol< 
1.350] 32] 56} 24/100|Io || 1.450 2| 86} 40}100/13 || 1-550] 44 64} 24| 100} 2¢ 
1.352] 28] 64) 32/Z00)1T5 |) 1.452 | 40] 64| 24/100 144|| 1.552 | 24] 72| 48]100)I¢ 
1.354| 24) 64| 32| 8614 || r.454 | 28] 86] 48|xoo|274|| 1.554 | 24] 64} 4o| 86)2) 
1.356] 24| 64] 32) 86|133]| 1.456 | 24) 72| 40] 86/20 || 1.550 | 24 64| 32] 7212: 
1.358] 28] 64| 32/100|r4 || 1.458 | 32] 86] 40)100 r14|| 1.558 | 24] 72] 44| 86)2. 
1.360] 28] 72] 32| 86]20 || 1.400 | 24| 44] 32| 86]44 || 1-560] 44 64| 24| 100} 1 
1.362] 24] 64] 32] 86)123|| 1.462 | 40) 64; 24|100/13 1.562 | 24] 72| 48|100|1: 
1.364| 24| 64| 32] 86/12 || 1.464 | 40] 64) 24}100 r24|| 1.564 | 24] 72| 44| 86)2. 
1.366| 24| 64] 28} 72|20%|| 1-466 | 24] 72| 40) 86/19 || x 566 | 32] 86} 44|100/1' 
1.368] 28] 72] 32| 86|x0 || 1.468 | 28] 64} 40/100]33 || 1-568 | 24) 72 48| 100] 
1.370| 28} 86] 44]100|17_ || 1.470 | 40] 64] 24|r00|114|] 1.570 | 32) 72| 40\100 2 
1.372| 24) 64| 32] 86|103|| 1.472 | 40] 64] 24|roo|rx |/ 1.572 | 28 64] 32] 86)r. 
1.374| 24] 64| 32| 86|r0 || 1.474 | 24| 72] 40] 86/18 || 1.574 | 32 86] 44] 100] 1! 
3.376] 28) 72| 32) 86/18 || 1.476 | 28] 72] 40|1x00]/189]/ 1.576 | 24) 72 48| 100] 1 
1.378| 28} 86| 44|x00|16 || 1.478 | 24} 72] 40] 86)r73|| 1-578 | 44 64] 24|100|1 
1.380| 28] 72] 32| 86|174|| x.480 | 28] 72] 40|r00|18 || x.580 | 28) 64) 32 86)r. 
1.382| 24! 64] 32| 72134 || 1-482 | 24] 72| 40) 86)r7 || 1.582 | 44 64] 24] 100} 
1.384| 28] 86| 44|100/r5_ || r.484 | 28] 72| 40|100|/174|| 1-584 | 40 56] 24}100\2 
1.386] 40] 64] 24|r00|224|| 1.486 | 24] 72| 40| 86)x63\| 1.586 | 28) 64) 32] 86)r 
1.383} 28) 64; 32] 86/314] 1.488 | 28] 72} 40/roojr7 || r.588 | 32) 86) 44}roojz 
1.390] 28| 86] 44]r00|14 || 1.490 | 24| 72| 40] 86/16 |] 1.500 |. 44] 64) 24/100/1 
1.302} 44| 64] 24/100|324]| 1.402 | 28] 72| 40|r00/163|| 1.592 28| 64] 32| 86}x 
1.304| 28| 72] 32| 86)/r53|| 1.404 | 24] 72| 40] 86/153|| 2-504 | 44] 64) 24)x00/r 
1.396| 28] 86} 44|r00|13 || 1.496 | 28] 72] 40|roo|16 || 1.596 | 28) 64) 44|100}3 
1.398 28] 72} 32| 86|r5 || 1.498 | 32] 64] 40|r00|414|| 1.508 | 28) 64) 32 86) 1 
x.400] 40] 64] 24|roolar || 1.500 | 28) 64] 40]/100|32 || 1-600] 44] 56| 24|100)2 
.402| 28] 86] 44/roolr2 || 1.502 | 28] 86] 48|100|16 |} z.602 | 24] 64} 32] 72/1 
1.404| 28] 72| 32| 86|14 |! 1.504 | 24| 72| 40| 86)14 || 1-604 | 32] 86] 44/x00)r 
1.406] 28| 86] 44|roo|rr || r.506 | 28] 72] 40\roo|x4}|| 1.606 | 24) 64) 32] 72\1 
1.408] 24] 64) 28] 72/15 || 1.508 | 24] 72| 48|100|103|| 1-608 | 44] 64} 24]100}r 
x.410| 28] 72| 32] 86|13 || 1.510 | 24] 72] 40| 86]13 || t.610 | 32} 86] 44jroo|r 
1.412| 24] 64| 28] 72|r43\| 1.512 | 24| 64] 44| 86/38 || x.6r2 | 32] 86) 44|x00}1 
x.414| 24| 72| 44}roo\rs3|| r.5r4 | 24| 72] 48] 86/353]! 1-614 | 44] 64) 24|100}1 
1.416| 24| 64] 44| 86!423||1.516 | 24| 72] 40] 86/12 || 1-616 | 40] 56) 24)r100}1 
1.418] 28] 72] 32} 86|r13\| 1.518 | 32) 86] 44|100|22 || 1.618 | 24] 64] 32) 72/1 
1.420] 28] 72| 32| 86|/rz || 1.520 | 28] 86] 48|100]134|| 1.620 | 44] 64] 24|100|1 
1.422| 40, 64] 24|100|184]| 1.522 | 24) 72| 40] 86|11 || z.622 | 44] 64} 24|r100/1 
1.424} 28] 64] 32] 86/20 || x.524 | 24] 72] 40] 86)10}]| 1.624 | 24] 64) 32] 72|1 
1.420, 24) 64] 28] 72\r2 || x-526 | 24) 72] 40] 86l10 || 1.626] 24] 72] 44) 86)1 
1.428] 28) 86] 48|100|24 || r.528 | 32] 86] 44/1002 || 1.628 | 24 32) 72/1 
1.430| 32} 86| 4o|r00|16 || x.530 | 28] 72] 40]100]10$]| 1.630 | 24) 64) 32] 72/1 
1.432| 24| 72| 44|100|123]| 1.532 | 28] 72] 40|r00|ro || 1.632 | 28| 72] 44|100}|1 
1,.434| 24| 64} 28] 72|x03|| 1.534 | 28] 86] 48}xoo|xr || 1.634 | 24] 64] 32] 72/1 
1.436| 24| 64| 28] 72\ro || 1.536 | 32| 72] 40] 86|42 || 1.636 | 24] 64) 32) 72)1 
1.438] 24| 72| 44|x00\r14\| 1.538 | 24] 72] 48}100]16 || 1.638 | 32] 86) 48|100)z 
1.440| 24| 72] 44|rool|rr || 1.540 | 28|100] 56) 72/45 || 1-640 | 28] 72] 40] 86): 
1.442| 24) 72) 44|100]104|| 1.542 | 24] 72] 48|100|154)| 1.642 | 24] 64) 32] 72|1 
1.444| 32| 86] 4olroo|r4 || 1.544 | 28] 64] 32] 86/183|| 1.644 | 24] 64] 40] 86): 
1.446| 24] 72) 44] 86|32 || 1.546 | 24| 72] 48|z00|15 || 1.646 | 28] 72] 40] 86)z 
1.448| 28) 72| 40]}r00]214]| 1.548 | 28] 64) 32| 86]/18 |] 1.648 | 40) 56) 24)/100)1 


MILLING CAMS 257 
82 Bie 3|3 
3 | ~ ER ae A} .3 | 3 
aE B/e/3/5 Blast 
S| HIE Bale] é Biel Ela 
8\2)2/8 8/2\z/ 8 8/£/a\8 
oO Salad by 4 ~~ 5 el i ~ ao] 5 pl 4 u 4 
§ | Si/ei3ls $l Sol alee tS $ |Slel¥]s 
Hw Olri|alod 4 YH O|4};alo 4 =| OlAl alo a 
650 | 28} 64] 40}100]/193]| 1.750 | 32] 86] 48}100|T14]/| 1.850] 28] 64) 44|100}16 | 
652 | 40} 56] 24/100/154]| 1.752 | 28}/r00] 56] 86]/16 || 1.852] 28] 72] 44] 86)214 
654 | 24} 72] 44] 86/14 || x.754 | 28) 72! 48)/r00l20 || 1.854] 44] 56] 24)100/104 
.656 | 28} 72] 44]/100|144]| 1.756 | 32] 86] 48}100|r0}4]| 1.856] 24] 64] 40] 72/27 
658 | 24) 72] 44] 86/134]| r.758 | 32] 72] 44|100]/26 || 1.858} 24] 64] 44] 86)14% 
.660 | 28} 72] 44/100]14 || 1.760 | 28] 72] 48}100]/1934]| 1.860] 32] 72] 44|100/18 
.662 | 32| 86] 48)100/214]| 1.762 | 28] 64] 32] 72/25 || 1-862] 24] 64] 44| 86)14 
664 | 28} 72] 44)100/134]| 1.764 | 24] 72| 48] 86)184]| 1.864] 28] 64) 44|100 z4 
.666 | 28) 64} 32] 72/31 || x.766 | 28| 72] 40] 86)123]| 1.866] 24] 64) 44| 86|13 
.668 | 24] 72] 44] 86|r2 || 1.768 | 32] 72] 48}100/34 || 1.868] 28] 64) 44|100]14 
670 | 28) 72! 44|100/124]| 1.770 | 28] 72] 48}100|184]| 1.870] 24] 64) 44] 86/13 
672 | 24] 64] 40} 86}164|]| x.772 | 44] 56] 24|/100|20 || 1.872} 28] 64] 44] 100/134 
674 | 24| 72] 44) 86|rx || 1.774 | 24] 72] 48] 86|174]| 1.874] 24] 64] 44] 86]/124 
676 | 24| 72| 44] 86|103]| 1.776 | 28] 72] go} 86!xz || 1.876] 28] 64) 44|100]/13 
.678 | 28) 64] 40}100/164)| 1.778 | 44] 56] 24|/r00|194]| 1.878] 28] 64] 32| 72/15 
680 | 28) 72] 44]100/11 |} 1.780 | 28/100] 56] 86)123]| 1.880] 24] 64} 44) 86]114 
682 | 28} 72| 44|100|104]/ 1.782 | 32) 64] 40|r00|27 || 1.882| 28} 64] 32| 72/143 
684 | 32| 86] 48}100/194|] 1.784 | 24] 56| 40] 86)263]| 1.884] 24] 64] 44) 86} x1 
.686 | 28) 64] 40] 100/154]| 1.786 | 28!r00| 56] 86/114|| 1.886] 28} 64] 44|100]114 
.688 | 40] 56] 24|100|r0 || 1.788 | 24] 72] 48] 86/16 || 1.888] 28] 72| 44] 86/183 
690 | 28) 64] 40/Loo}r5 || 1.790 | 28}100] 56] 86\r1r || 1.890; 24] 64] 44) 86\10 
692 | 24| 64| 40] 86]14 || 1.792 | 28|100| 56| 86/10}|| 1.892] 32] 72] 48|100/274 
694 | 32] 72] 44|/100]30 || 1.794 | 44] 56] 24/100/18 || 1.894} 28] 64] 32] 72/13 
696 | 24] 64] 40) 86}134]| 1.796 | 28] 64) 32] 72|/224]| 1.896] 28] 64] 44/100/10 
698 | 28) 64] 40)100|14 || 1.798 | 24] 64| 44| 86/204|| 1.898] 28] 64] 32] 72\124 
.7OO | 32| 72| 40]/100/17 || 1.800 | 32] 72] 44/100/23 || 1.900] 28] 64] 40] 86)21 
.702 | 28] 64] 40)100]133|| 1.802 | 28] 64] 32] 72/22 || r.902] 28) 64} 32] 72/12 
704 | 28) 64] 40) 72/454|| 1.804 | 32] 72] 44] 86|373|| 1.904] 24| 64] 48) 86)244 
706 | 24] 64] 40} 86|12 || 1.806 | 24] 56] 40} 86/25 || 1.906] 32| 72) 44]100/13 
708 | 28) 64] 40)100]124)| 1.808 | 28] 72] 48|}100|/144]| 1.908] 28] 64] 32] 72\/zz 
710 | 28) 72] 40] 86}19 || 1.810 | 28] 72) 48)'86/334]| r.910| 32) 72] 44/100/124 
712 | 24| 64) 40] 86\xx || 1.812 | 24] 72| 48] 86|13 || 1.912] 28] 64] 32| 72/10} 
714 | 32] 64] 40]100]3x || 1.814 | 24) 64} 44] 86)19 || r.914] 28] 64) 32] 72/10 
716 | 28) 72] 40} 86/184] 1.816 | 24] 72| 48] 86)124]| 1.916] 24] 56] 40] 86]16 
718 | 24] 64] 40| 86/10 || 1.818 | 28) 72] 44) 86)24 || 1.918] 28] 72] 44] 86)15$ 
720 | 28) 72| 40] 86/18 || 1.820 | 24] 64] 44| 86|184]| 1.920] 32] 72] 44]100/z11 
722 | 24) 44) 32| 86/32 || 1.822 | 44) 56) 24\100/15 || 1.922] 28] 72] 44] 86\15 
72 28/100} 56] 86)10 || 1.824 | 40} 86) 44]100|27 || 1.924] 28] 64] 40] 86/10 
72 24| 56| 40] 86)30 || 1.826 | 24] 72] 48] 86/xz || r.926] 32] 72| 44|100|10 
728 | 32| 72| 40/100/134|| 1.828 | 24] 56] 40] 86/233]| 1.928] 28] 64] 44] 86|304 
.730 | 28) 72| 40] 86/17 || 1.830 | 28] 72| 48]/100/114]| 1.930| 24! 56] 40] 86}144 
732 | 32| 72| 40)100/13 || 1.832 | 24) 72] 48] 86}10 || 1.932] 32] 64] 40]r00]15 
734 | 28] 72] 40] 86/164$|| 1.834 | 44] 56] 24]100]134]| 1.934] 24] 56] 40] 86|14 
.730 | 32] 72] 40|L00/124]| 1.836 | 28] 72] 48|/100]104]| 1.936| 32| 64] 40/100|144 
738 | 32| 56] 40|100}404]| 1.838 | 44] 56] 24/100/13 || 1.938| 24] 56] 4o] 86]133 
740 | 32| 86] 48}100|13 || 1.840 | 24] 64] 44] 86]163|| 1.940] 28] 64] 48}100]224 
742 | 32| 72] 40) too}r14]| 1.842 | 32] 72} 40] 86)27 || 1.942] 24] 56] 40] 86/13 
.744 | 32) 86] 48) 1oo|124]| 1.844 | 28) 64) 32| 72|184]| 1-044] 32] 56) 40] 86/43 
740 | 24| 64] 44) 86|244]| 1.846 | 28) 64) 44|100/164|| 1.946] 28] 72] 44] 8612 
748 | 32] 72| 40|100|104)| 1.848 | 44| 56] 24|100/114]| 1.948| 32] 72] 40] 86}194 


258 MILLING AND MILLING CUTTERS 


al2|ale ChE aS sie 
5/3 /3| 8 Elle 8 SEER: 
yz FlElE Sle vy (El Sl/alal/si zs |e B| 2 
al S|ala 3 alu] S]a S dq f Ble 
rl °| 8 4 Old pe OW Soe ° & 4 oe ee a 
Blais | 3 Bala] 8 gl ala| g 
ble l Bld 5/3/8135 5/4/8/9 

H a H a Hila 
1.950 |28] 72| 44] $6|xr3/| 2-050 | 28) 64| 48/100 12}|| 2.150 | 32| 72] 44| 86 
1.952 |40| 86] 44|100|174)| 2.052 | 28) 64| 44 86/23 4!| 2.152 | 32} 64] 44|100 
1.954 |24| 64| 48] 86|2r || 2.054 | 28] 64} 48|x00jr2 || 2.154 | 24| 64} 44] 72 


1.956 |32| 72] 48}100|234] 2-056 | 40] 86| 48/100/23 || 2.156 | 32 64} 44) 100 
1.958 |40] 86] 44]100]17 || 2.058 | 24] 64 48| 86|10}|| 2.158 | 24] 56] 40 
1.960 |28| 72] 44] 86|r0 || 2-060 | 32| 72] 48|100|15 || 2.160 | 32] 64} 44) 
1.962 |48| 56| 24|x00|r7})| 2.062 | 24] 56] 40) 72/30 2.162 | 40| 86] 48)100 
1.964 |24| 64] 40] 72|104| 2-064 | 44| 48] 28|)100|364/| 2.164 | 32 64] 40 
1.966 |28| 64| 40] 86|r5 || 2.066 | 32] 56] 40} 86/39 || 2.166 | 32 64) 48 
1.968 |40] 86] 44/100]r16 || 2.068 | 28] 64] 48|100/10 2.168 | 32| 56] 40|100' 
1.970 |32| 64| 40|100/To || 2.070 | 32] 72| 48)100)14 || 2.170 | 32) 72 48| 86 
1.072 |48] 56] 24/100]163]| 2.072 | 32] 56] 40|100)25 || 2.172 28] 64] 44] 86 
1.974 |24| 44| 32] 86/133] 2.074 | 32| 72] 48|100)/134]| 2.174 | 32 56] 40] 100 
1.976 |28] 64] 44| 86]28 || 2.076 | 28] 72| 48) 86|17 || 2-170 | 56 64] 32/100 
1.978 |24| 44} 32| 86/13 || 2.078 | 32] 72| 48|100|13 2.178 | 40] 72] 44/100} 
1.980 |28] 64] 48|100|19}] 2.080 | 32] 64] 44|r100|r9 || 2.180 | 4o 86} 48] 100 
1.982 |24] 44] 32| 86]124|| 2.082 | 32| 72| 48)100|124]| 2.182 | 28) 72 56] 86 
1.984 |28} 48] 40] 86]43 || 2.084 | 28] 64) 40] 72\31 || 2.284 | 24 56| 44| 72 
1.986 |24| 44] 32| 86|r2 || 2.086 | 32| 72| 48)100|r2 || 2.180 | 32] 72) 44 86 
1.988 |28| 56} 32] 72|263]| 2.088 | 28|roo| 56| 72|/16}|| 2.188 | 28] 56] 32] 72 
1.990 |28] 64] 40] 86|12 || 2.090 | 32| 72| 48\r00/r14]| 2.190 | 32] 56] 40) 86 
1.992 |48] 56| 24|1r00|144]| 2.092 | 28] 72| 48] 86)153|| 2-192 | 40 86} 48) 100 
1.994 |28| 64) 40] 86/x14\| 2.094 | 32| 72| 48)roo|rz || 2.104 | 28) 64] 40] 72 
1.096 |24] 44] 32] 86/104]| 2.006 | 28] 64| 44) 86|204|| 2-106 | 40 86] 48) 100 
1.998 |28] 64] 40] 86|x1z || 2.098 | 32| 64) 44\100 174 2.198 | 44| 86] 48)100 
2.200 | 24| 56] 40] 72 
ro2 | 28| 72| 48] 86|143\| 2.202 | 32) 72| 44) 86 
104 | 28|r00| 56] 72|r5 || 2-204 | 28} 64) 44) 86 
106 | 28] 72| 48| 86|14 || 2-206 | 32] 72| 44| 86 
x08 | 40] 44] 24|roolrs || 2.208 | 32) 56) 40)100 
r10 | 28] 64| 44) 86|103|| 2.210 | 48|100] 56 86 
r12 | 40| 44] 24|/100|144|| 2.212 | 32| 64) 40) 86 
rz4 | 28] 56| 32| 72|18 || 2.214 | 24] 64) 44] 72 


MILLING CAMS 259 


Lead 
Gear on Worm 
| ist Intermediate 
Gear on Screw 
Angle 


aS | and Intermediate 


o o 

B/S \ele B/2/3 Fa 

513/93] 8 §}3|'3) 8 

~ Fle) ela) 2 |El gi gja 
S |Jele{[ala] ei 8 alke| 3] a] 
re} Oo; 8} 2e jo ze ra o [28 4 3° ey) 
gS |S) 3 g/ale|al* 

Ola) alo Ola} alo 

H a H a 

2.500 |28} 64] 48] 72/31 || 2.750 | 28] 64] 48] 72|10% 
2.505 |24] 56) 44] 72/17 || 2.755 | 44] 40] 32|100/38% 
2.510 |28] 40] 44] 86|453)| 2.760 | 28] 44] 48] 86|30 
2.515 132] 64] 44| 86|103]| 2.765 | 48] 64| 28] 56|424 
2.520 |44| 48] 28|100|rx || 2.770 | 28] 48] 44! 72/30 
2.525 148] 56] 32/100/23 || 2.775 | 40] 72| 44] 86|12} 
2.530 |24] 56] 44] 72|15 || 2.780 | go} 72| 44] 86|12 
2.535 |32| 56] 40] 86|174]| 2.785 | 24] 44] 48] 72|40 
2.540 132] 64] 48] 86|/243|| 2.7900 | 28] 48] 44] 72/383 
2.545 132] 56) 44] 86)209/| 2.705 | 32] 48) 40] 72/41 
2.550 |28] 64] 44] 72/173]| 2.800 | 24] 56) 48) 72\113 
|| 2-555 |32| 56] 40] 86)16 || 2.805 | 24] 56) 48] 72\rz 
2.560 |32| 64] 48] 86/233)| 2.810 | 44] 56] 24] 64/174 
2.565 |28] 40] 32] 86|z0 || 2.815 | 28] 44] 40} 86]18 
2.570 |44| 48] 40/100]454)| 2.820 | 40] 56] 44] 86|393 
2.575 |24] 56) 44] 72|x04]| 2.825 | 32] 56) 44] 72/36 
2.580 |40] 72| 56] 86|443|| 2.830 | 48] 64] 28] s56lax 
2.585 |32| 56| 40] 86)133|| 2.835 | 28] 48] 40] 72/20 
2.590 |32| 56] 40] 86/13 || 2.840 | go] 56] 44] 86139 
2.595 |44] 40] 32|100]424]| 2.845 | 28] 44| 4o| 86|16 
2.600 |32| 56) 40] 86|12 |) 2.850 | 28) 56] 64| 86|40 
2.605 |32} 56| 40] 86|113]| 2.855 | 28] 44] 48| 86|364 
2.610 |32| 64| 40] 72/20 || 2.860] 40] 56] 44| 86/383 
2.615 |44| 48] 40}100]444]| 2.865 | 24] 44| 48] 72/38 
2.620 |28) 64] 44| 72|114|| 2.870 | 44] 48] 40|100/38% 
2.625 |44| 56] 24| 64]27 || 2.875 | 40] 64] 48} 86/344 
2.630 |48] 56] 32|100]/164]| 2.880 | 48}/100] 56] 72/394 
2.635 |40] 72] 44] 86)22 || 2.885 | 24) 44) 48) 72/372 
2.640 |48|100] 56] 72/45 || 2.890 | 44] 48] 40/100|38 


2.645 |24] 40] 44] 86]303]| 2.895 | 32] 56] 44] 72/34 
2.650 |40| 56] 44| 86/434]| 2.900 | 28] 44] 40] 86|r14 
2.655 |56] 64] 32}/100|184]| 2.905 | 40] 72] 48] 86|20% 
2.660 |44| 48} 40]100|433|| 2.910 | 28] 44] 40] 86/10} 
2.665 |28| 64] 48] 72/24 || 2.015 | 28] 40] 44] 86/354 
2.670 |28| 48] 44] 72|414|| 2.920 | 28] 48] 44! 72135 
| 2.675 |48] 64] 28] 56)443)| 2.025 | 40} 64] 48] 86)33 
2.680 |28] 44] 48] 86|41 || 2.930] 32] 64] 44] 72/164 
2.685 |48|100| 56] 72/44 || 2.035 | 48] 64] 28) 56/38} 
2.690 |40] 64] 44|100|z2 || 2.940 | 40] 64] 48|100]113 
2.695 |40] 64] 44]100|114]| 2.945 | 40] 72| 56! 86/353 
2.700 |28| 44| 48] 86]403|| 2.950 | 40] 64| 48) r00]104 
2.705 |56| 64) 32]/L00/I5 || 2.955 | 48] 64! 28] 56/38 
2.710 |40] 72] 56| 86}413|| 2.960 | 24] 44] 48] 721354 


4}| 2-715 |40] 56) 44] 86)42 || 2.965 | 32| 64) 44} 72|/14 


2.720 |48] 64] 28] 56|434]| 2.9070 |] 32] 64] 48) 72/27 
2.725 |44| 48] 40)100/42 || 2.975 | 40] 56| 44} 861353 
2.730 |48|100] 56] 72|43 || 2.980 | 48] 40} 28|100|274 
2.735 |44| 40] 32|100]39 || 2.085 | 44| 48] 40|100/35% 
2.740 |28| 44] 48] 86)394]| 2.090 | 28] 48) 44] 72133 
2.745 |40| 72] 44] 86|r15 || 2.005 | 48] 64] 28) 56137 
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eo o o 

gl 2] sls A) el8|8 BIS lSle 

6\3 || 8 9/3) 3) 8 2/3) 5) 5 
3 = e| 8|2 ai o% = g|#|2|2 yz == a|8/2/2 
o ale] oS} ala o a/H|olales o aleals|]a > 
ry Oo; SL et old i] O (S peae 1 10) eed, WW oOo; 2] 2] 9 a 

ula |je)e w/a) ele ula] ele 

ge tos 2) 3 (Sits 3) G8 

Sa] B/o OS} a/E1o S| a1E/5 

H a is} a H a 

3.000 |40/ 100] 56] 64/31 || 3.250 | 44] 64] 48/100/10 || 3.500 | 28) 48) 44] 72/17 
3.005 |4o| 64] 48| 80/30}]/ 3.255 | 32] 48] 40] 72|284)) 3.505 | 28| 48] 44) 72|/104 
3-010 |28] 56] 64] 86/36 || 3.260 | 32] 56] 44] 72/21 || 3.510 | 40] 72] 56) 86/14 
3-015 |48| 64] 28] 56/364]! 3.265 | 48|/100] 56) 72/29 || 3.515 | 28] 40 86)11 
3.020 }48/100] 56] 72/36 || 3.270 | 40] 56] 44] 86/264]| 3.520 | 24] 44! 48| 72/144 
3-025 |40\100) 56] 72|\134]| 3.275 | 44] 40] 32|/100]214]| 3.525 | 44] 48] 40/100/16 
3.030 |40] 64] 44] 72/373]| 3.280 | 48} 64] 28) 56/20 || 3.530 | 40] 56) 44] 86|r5 
3.035 |24| 40] 48] 86/25 || 3.285 | 32] 48) 40} 72]273]| 3.535 | 24] 44] 48) 72/133 
3-040 |44| 48} 40]100/34 || 3.290 | 32] 44] 40] 86/134] 3.540 | 48/100} 56] 72|\184 
3-045 |32| 64] 48] 72/24 || 3.205 | 24] 44] 48] 72/25 || 3-545 | 40] 56 86)14 
3-050 |40] 56] 44|100|14 || 3.300 | 32] 48] 40] 72/27 || 3.550] 24 48| 72)124 
3-055 |56| 44] 28] 86/424]| 3.305 | 40] 72] 56] 86/24 || 3.555 | 40] 50] 48|100|r04 
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rst Intermediate 


2nd Intermediate 


Gear on Screw 


Gear on Worm 


1st Intermediate 
2nd Intermediate 
Gear on Screw 

1st Intermediate 
2nd Intermediate 
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Gear on Worm 


ist Intermediate 


2nd Intermediate 


Gear on Screw 


Gear on Worm 


ist Intermediate 


and Intermediate 


Gear on Screw 


Lead 


5.000 
5.005 


354]| 5.010 


4|| 5.015 


5.020 
5-025 


104)| 5.030 


5-035 
5.040 


204|| 5.045 
274|| §.050 


383|| 5.055 
6 


5.060 
5.065 


353]| 5.070 
354]| 5-075 


5.080 


254}| 5.085 
184]| 5.090 
174|| 5-095 
114\| 5.100 
184]) 5.105 
353|| 5.10 
T64]| 5.215 


5.120 


86] 234]| 5.125 
72|414]| 5.130 


§-135 
5.140 


153|| 5-145 


5.150 
5-155 


314|| 5.100 
4t4]| 5.165 
324|| 5-170 


5-175 
5.180 


314|| 5.185 


5.190 
5-195 
5.200 
5.205 


124|| 5.210 
334|| 5-215 


5.220 


213}| 5.225 
334]| 5.230 
314|| 5-235 
274|| 5.240 


5+245 


Gear on Worm 


rst Intermediate 
jiate 


and Interm: 


Gear on Screw 


MILLING CAMS 


iS} 
OV 
w 


Lead 


5-250 
5.255 
5.200 
5.2605 
5.270 
5-275 
5.280 
5.285 
5.290 
5.295 
5.300 
5-305 
5.310 
5.315 
5.320 
5-325 
§-330 


5-485 
5-405 


Gear on Worm 


ist Intermediate 


2nd Intermediate 


Gear on Screw 


L 


Gear on Worm 


1st Intermediate 


2nd Intermediate 


Gear on Screw 


Gear on Worm 


5-685 
5.690 


5-700 
5.705 


5-725 
5-730 
5-735 
5-740 
5:745 


SIs | Gear on Screw 
| Angi 


ist Intermediate 


and Intermediate 


bd 
4 
> 


32| 64137 
64| 86 33h 
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GEARING FOR CuTTING WoRrM AND SPIRAL GEARS 


pn ala acn ini en-au 


Leads from 0.670 to 3.143 Inches 


Lead _ Driven 


Second X Worm 


For leads up to 3.143 inches. 


10 Drivers First & Screw 
2 £ 8 
a) Pai HE 8 a a He 

& RO ies F 2/8 a Peel 

= 8 ISeleele ii a # |eeleeie || = & ISelesle 

£15 [esses | & |S |eelsei5 £ 18 [gelsels 

Qa |S lPEleela ||} & |B SRG EA | & IP) Seleslo 

a EISQIFAlL al] @ S|SQIFA] We] @ S|SAlFAl Le 
won [A SIeCI_Sl5 ol] wa Jae dlareliMjo el] wy |8e1a-ig oe 
S68 JOSS Io LIS el] Of Joba (iD lia bl OO JO mM Ig Lia 
ws [Hele SIS Sle Ell wd [HEles Sl we oS |WEled 83 WE 
ge |$cl25|88]eal] 32 [SQlZS|SS/ sell SS |SQleS/35/36 
ot NO Te te IO | ee I fen, a1 IT) [Oo piers ae 

0.670 | 24 | 86 | 24 |100 | 1.714 | 40 | 56 | 24 Las 2.442 | 28 | 64 | 48 | 86 
0.781 | 24 | 86 | 28 |x00 || 1.744 | 24 | 64 | 40 | 86 || 2.444 | 40 | 72 | 44 |100 
0.800 | 24 | 72 | 24 |100 || 1.750 | 28 | 64 | 40 |r00 || 2.450 | 56 | 64 28 |100 
0.893 | 24 | 86 | 32 |1o0 || 1.778 | 32 | 72 | 40 |x00 || 2.456 | 44 86 | 48 |100 
0.900 | 24 | 64 | 24 |x00 {| 1.786 | 32 | 86 | 48 |r00 || 2.481 | 32 | 72 | 48 86 
0.930 | 24 | 72 | 24 | 86 || 1.800 | 28 | 72 | 40 | 86 || 2.489 | 32 |100 56 | 72 
0.933 | 24 | 72 | 28 |xoo || 1.823 | 28 |100 | 56 | 86 || 2.500 | 24 64 | 48 | 72 
1.020 | 24 | 56 | 24 |xoo || 1.860 | 24 | 72 | 48 | 86 || 2.514 | 44 | 56 | 32 |100 
1.042 | 28 | 86 | 32 |x00 || 1.867 | 28 | 72 | 48 |100 || 2.532 | 28 | 72 56 | 86 
1.047 | 24 | 64 | 24 | 86 || 1.886 | 44 | 56 | 24 |IOO || 2.537 | 24 | 44 | 40 86 
1.050 | 24 | 64 | 28 |roo || 1.919 | 24 | 64 | 44 | 86 || 2.558 | 32 64 | 44 | 86 
1.067 | 24 | 72 | 32 |x00 || 1.925 | 28 | 64 | 44 |100 || 2.567 | 44 | 48 | 28 |100 
1.085 | 24 | 72 | 28 | 86 || 1.044 | 28 | 64 | 32 | 72 || 2.605 | 28 | 40 | 32 86 
1.116 | 24 | 86 | 4o |r00 || 1.956 | 32 | 72 | 44 |x00 || 2.619 | 24 | 56 | 44 | 72 
1.196 | 24 | 56 | 24 | 86 || r.090 | 28 | 72 | 44 | 86 || 2.658 | 32 | 56 | 40 | 86 
1.200 | 24 | 64 | 32 |x00 || 1.993 | 24 | 56 | 40 | 86 || 2.667 | 40 | 72 | 48 |100 
1.221 | 24 | 64 | 28 | 86 || 2.000 | 32 | 64 | 40 |100 || 2.674 | 28 | 64 | 44 | 72 
1.228 | 24 | 86 | 44 |ro0 || 2.030 | 24 | 44 | 32 } 86 || 2.713 | 28 | 48 | 40 86 
1.240 | 24 | 72 | 32 | 86 || 2.035 | 28 | 64 | 40 | 86 || 2.743 | 48 | 56 | 32 |r00 
1.244 | 28 | 72 | 32 |roo || 2.047 | 40 | 86 | 44 |r00 |} 2.750 | 40 | 64 | 44 |100 
1.302 | 28 | 86 | 40 |100 || 2.057 | 48 | 56 | 24 |100 || 2.778 | 32 | 64 | 40 | 72 
1.333 | 24 | 72 | 40 |100 || 2.067 | 32 | 72 | 40 | 86 || 2.791 | 32 | 64 | 48 | 86 
1.340 | 24 | 86 | 48 |r00 || 2.083 | 24 | 64 | 40 | 72 || 2.800 | 56 | 64 | 32 |100 
1.371 | 32 | 56 | 24 |x100 || 2.003 | 24 | 64 | 48 | 86 || 2.842 | 40 | 72 | 44 | 86 
1.305 | 24 | 64 | 32 | 86 || 2.100 | 28 | 64 | 48 |100 |} 2.849 | 28 | 64 | 56 | 86 
1.400 | 28 | 64 | 32 |100 || 2.133 | 32 | 72 | 48 |100 || 2.857 | 24 | 56 | 48 | 72 
1.433 | 28 | 86 | 44 |100 || 2.171 | 28 | 72 | 48 | 86 || 2.865 | 44 |100 56 | 86 
1.447 | 28 | 72 | 32 | 86 || 2.178 | 28 |100 | 56 | 72 || 2.880 | 48 | 40 | 24 |100 
1.458 | 24 | 64 | 28} 72 || 2.182 | 40 | 44 | 24 |100 || 2.894 | 32 | 72 56 | 86 
1.467 | 24 | 72 | 44 |x00 || 2.193 | 24 | 56 | 44 | 86 || 2.917 | 28 | 64 | 48 | 72 
1.488 | 32 | 86 | 40 |x00 || 2.200 | 32 | 64 | 44 |r00 |} 2.924 | 32 | 56 | 44 | 86 
1.500 | 40 | 64 | 24 |x00 |} 2.222 | 28 | 56 | 32 | 72 || 2.933 | 44 | 72 | 48 |100 
1.550 | 24 | 72 | 40 | 86 || 2.233 | 40 | 86 | 48 |100 || 2.946 | 44 | 56 | 24 | 64 
1.556 | 28 | 72 | 40 |x00 |} 2.238 | 28 | 64 | 44 | 86 || 2.060 | 28 | 44 | 40 | 86 
1.563 | 28 | 86 | 48 |x00 || 2.274 | 32 | 72 | 44 | 86 |] 2.984 | 28 | 48 | 44 | 86 
1.595 | 24 | 56 | 32 | 86 || 2.286 | 32 | 56 | 40 |100 || 3.000 | 4o | 64 } 48 |I00 
1.600 | 24 | 72 | 48 |xoo || 2.202 | 24 | 64 | 44 | 72 || 3.044 | 24 | 44 | 48 | 86 
1.628 | 28 | 64 | 32 | 86 |] 2.326 | 32 | 64 | 40 | 86 || 3.056 | 32 | 64 | 44 | 72 
1.637 | 32 | 86 | 44 |100 |} 2.368 | 28 | 44 | 32 | 86 || 3.070 | 24 | 40 | 44 | 86 
1.650 | 44 | 64 | 24 |z00 || 2.381 | 24 | 56 | 40 | 72 || 3.101 | 40 | 72 | 48 | 86 
1.667 | 24 | 64 | 32 | 72 || 2.302 | 24 | 56 | 48 | 86 || 3.111 | 40 |100 | 56 | 72 
1.705 | 24 | 72 | 44 | 86 |] 2.400 | 32 | 64 | 48 |100 || 3.126 | 48 |100 | 56 | 86 
1.711 | 28 | 72 | 44 |100 || 2.431 | 28 | 64 | 40 | 72 || 3.143 | 40 | 56 ) 44 ea 


WORM AND SPIRAL GEARS 265 


GEARING FOR CUTTING WoRM AND SPIRAL GEARS 


Leads from 3.175 to 6.667 Inches 
Lead Driven Second X Worm 


Io Drivers First X Screw 
Oo oO o 
oa Pp Pp 
o |s o |. Q|.8 
£ 3/3 § 3s. [9 ig ele 
= Sale ale + €@ |lspleale 4 a |ealeale 
e is lesiese | 2 |S eslesle | 2 1b Elba 
a BASE cla a, BAIR RIS bla a BAISEIE bla 
a aIPQAlFAAl Lai] @ HIPAA] al] @ e|SAlHAlLa 
wan 8 ol/aye|ilo 0 an BoldueliwjJoo wn golavliwjoo 
OO OPiS le || O8 [OSI Ie pier el Og OP tO lee 
ows wEle G16 gH Ell oo HRle B15 Ss] RR vO KES 816 3/4 
SE [SCL25/85/SCl] FE [SSLeolso/SCl $9 |SClLEd] 35/80 
en (Ole [aa 1 en WO tea fon 1 a (eta 
3.175 | 32 | 56 | 40 | 72 || 4.040 | 32 | 44 | 40 | 72 || 5.185 | 32 | 48 | 56 | 72 
3.189 | 32 | 56 | 48 | 86 || 4.059 | 32 | 44 | 48 | 86 || 5.200 | 56 | 40 | 32 | 86 
3.198 | 40 | 64 | 44 | 86 || 4.070 | 40 | 64 | 56 | 86 || 5.226 | 86 | 64 | 28 |} 72 
3.241 | 28 | 48 | 40 | 72 || 4.074 | 32 | 48 | 44 | 72 || 5.238 | 44 | 56 | 48 | 72 
3.256 | 32 | 64 | 56 | 86 || 4.003 | 32 | 40 | 44 | 86 || 5.316 |] 40 | 56 | 64 | 86 
3.267 | 56 | 48 | 28 |L00 || 4.134 | 40 | 72 | 64 | 86 |] 5.333 | 32 | 40 | 48 | 72 
3.300 | 44 | 64 | 48 |100 || 4.144 | 56 | 44 | 28 | 86 || 5.347 | 44 | 64 | 56 | 72 
3.307 | 32 | 72 | 64 | 86 || 4.167 | 40 | 64 | 48 | 72 || 5.357 | 48 | 64 | 40 | 56 
3.333 | 32 | 64 | 48 | 72 || 4.200 | 48 |r00 | 56 | 64 || 5.412 | 64 | 44 | 32 | 86 
3.349 | 24 | 40 | 48 | 86 || 4.242 | 28 | 44 | 48 | 72 || 5.426 | 40 | 48 | 56 | 86 
3.360 | 48 | 40 | 28 |rI00 || 4.252 | 32 | 56 | 64 | 86 || 5.444 | 56 | 40 | 28 | 72 
3-383 | 32 | 44 | 40 | 86 || 4.264 | 40:| 48 | 44 | 86 || 5.568 | 56 | 44 | 28 | 64 
3.403 | 28 | 64 | 56 | 72 || 4.286 | 48 | 64 | 32 | 56 || 5.625 | 72 | 48 | 24 | 64 
3.411 | 44 | 72 | 48 | 86 || 4.341 | 48 | 72 | 56 | 86 || 5.657 | 32 | 44 | 56 | 72 
3.422 | 44 |I00 | 56 | 72 || 4.364 | 48 | 44 | 40 |100 || 5.714 | 64 | 48 | 24 | 56 
3.429 | 40 | 56 | 48 |r00 || 4.365 | 40 | 56 | 44 | 72 || 5.759 | 86 | 56 | 24 | 64 
3.488 | 40 | 64 | 48 | 86 || 4.375 | 56 | 48 | 24 | 64 |} 5.788 | 56 | 72 | 64 | 86 
3.492 | 32 | 56 | 44 | 72 || 4.385 | 44 | 56 | 48 | 860 || 5.833 | 48 | 64 | 56} 72 
3.500 | 40 [100 } 56 | 64 || 4.444 | 28 | 56 | 64 | 72 || 5.847 | 44 | 56 | 64 | 86 
3.520 | 44 | 40 } 32 |100 || 4.465 | 32 | 40 | 48 | 86 || 5.803 | 48 | 64 | 44 | 56 
3.551 | 28 | 44 | 48 | 86 || 4.477 | 44 | 64 | 56 | 86 || 5.920 | 40 | 44 | 56 | 86 
3.565 | 28 | 48 | 44 | 72 || 4.480 | 56 | 40 | 32 |x00 || 5.926 | 64 | 48 | 32 | 72 
3.581 | 28 | 40 | 44 | 86 || 4.537 | 28 | 48 | 56 | 72 || 5.954 | 64 | 40 | 32 | 86 
3.618 | 40 | 72 | 56 | 86 || 4.548 | 44 | 72 | 64 | 86 || 5.969 | 44 | 48 | 56 | 86 
3.636 | 24 | 44 | 48 | 72 || 4.558 | 56 |] 40 | 28 | 86 |] 5.9072 | 86 | 48 | 24 | 72 
3.654 | 40 | 56 | 44 | 86 || 4.583 | 44 | 64 | 48 | 72 || 6.061 | 40 | 44 | 48 | 72 
3.667 | 44 | 48 | 40 |100 || 4.667 | 28 | 40 | 48 | 72 || 6.109 | 56 | 44 | 48 |x00 
3.704 | 32 | 48 | 40 | 72 || 4.736 | 32 | 44 | 56 | 86 || 6.125 | 56 | 40] 28 | 64 
3.721 | 28 | 56 | 64 | 86 || 4.762 | 40 | 50 | 48 | 72 || 6.136 | 72 | 44 | 24 | 64 
3.733 | 48 |x00 | 56 | 72 || 4.773 | 56 | 44 | 24 | 64 || 6.140 | 44 | 40 | 48 | 86 
3.750 | 48 | 64 | 28 | 56 || 4.821 | 72 | 56 | 24 | 64 || 6.160 | 56 | 40 | 44 |r00 
3.771 | 44 | 56 | 48 |100 || 4.848 | 32 | 44 | 48 | 72-|| 6.202 | 40 | 48 | 64 | 86 
3.798 | 28 | 48 | 56 | 86 || 4.861 | 40 | 64 | 56 | 72 || 6.222 | 64 | 40 | 28 | 72 
3.810 | 32 | 56 | 48 | 72 || 4.884 | 48 | 64 | 56 | 86 || 6.234 | 64 | 44 | 24 | 56 
3.819 | 40 | 64 | 44 | 72 || 4.880 | 32 | 40 | 44 | 72 || 6.349 | 40 | 56 | 64 | 72 
3.837 | 44 | 64 | 48 | 86 || 4.949 | 56 | 44 | 28 | 72 || 6.364 | 56 | 44 | 32 | 64 
3.840 | 48 | 40 | 32 |100 || 4.96r | 48 | 72 | 64 | 86 || 6.379 | 48 | 56 | 64 | 86 
3.850 | 44 |Z00 | 56 | 64 || 5.074 | 40 | 44 | 48 | 86 || 6.429 | 72 |.56 | 32 | 64 
3.880 | 32 | 64 | 56 | 72 || 5.080 | 32 | 56 | 64 | 72 || 6.465 | 64 | 44 | 32 | 72 
3.907 | 28 |} 40 | 48 | 86 || 5.093 | 40 | 48 | 44:\| 72 || 6.481 | 40 | 48 | 56} 72 
3.920 | 56 | 40 |-28 |100 || 5.104 | 56 | 48 | 28 | 64 || 6.515 | 86 | 44 | 24 | 72 
3.979 | 44 | 72 |.56 | 86 || 5.110 | 86 | 56 | 24 | 72 || 6.563 | 72 | 48 | 28 | 64 
3.986 | 40 | 56 | 48 | 86 || 5.133 | 56 | 48 | 44 |100 || 6.667 | 64 | 56 | 28 } 48 


For leads up to 6.667 inches. 


266 MILLING AND MILLING CUTTERS 


GEARING FoR CuTTING WorM AND SPIRAL GEARS 


Leads from 6.720 to 12.444 Inches 


Lead Driven Second X Worm 


10 Drivers First X Screw 
Be 2 2 
2 8 2 3 2 18 

§ soe oe a>) aloes a| Solon 

a |e WSSIESIE ie (E FSSleEIB la IE feseals 
G iS [erisels || 8 |S 1eeigale || 6 19 [eelgels 
a BAIS Bla ela a BAIHRIE ela [oy BAB E/E Ela 
an Se|BAIFAlLe n eISQIEQ ae) na eI}ePAISA Aa 
wn |AO/AelL Ho oll wa |e olaeji isd oll wae |adolarel_vloe 
OO |OPIA LID Wee Oo JOP LID Lae OO [OF LID a> 
oo | HWE > 3 aa HE] oS |HWBleg Ba wel] oS |HE 33 83 uh 
$4 [SQLkS/85| 82] 3.9 18Ql25/35/82l] BS |SQLE5135/90 
ay 1 ie ee Oe I ie tea — |S 4 O~ |e Ia ~ |O 
6.720 | 56 | 40 | 48 |100 || 8.212 | 86 | 64 | 44 | 72 || 10.238) 86 | 56 | 48 | 72 
6.750 | 72 | 40 | 24 | 64 |] 8.250 | 48 | 64 | 44 | 4o || 10.286] 72 | 40 | 32 | 56 
6.765 | 40 | 44 | 64 | 86 |] 8.312 | 64 | 56 | 32 | 44 || 10.313] 72 | 64°) 44 | 48 
6.806 | 56 | 32 | 28 | 72 || 8.333 | 48 | 32 | 40 | 72 || 10.370] 56 | 48 | 64 |} 72 
6.822 | 44 | 48 | 64 | 86 || 8.361 | 86 | 4o | 2 72 || 10.300] 64 | 56 | 40 | 44 
6.825 | 86] 56 | 32 | 72 || 8.377 | 86 | 44 | 24 | 56 || 10.419] 56 | 40 | 64 | 86 
6.968 | 86 | 48 | 28 | 72 || 8.485 | 48 | 44 | 56 | 72 |] 10.451] 86 | 64 | 56 | 72 
6.984 | 44 | 56 | 64 | 72 || 8.532 | 86 | 56 | 40 | 72 || 10.476] 64 | 56 | 44 | 48 
7.000 | 56 | 40 | 32 | 64 || 8.551 | 86 | 44 | 28 | 64 || 10.500] 56 | 64 | 48 | 40 
7.013 | 72 | 44 | 24 | 50 || 8.555 | 44 | 40 | 56 | 72 || 10.558) 86 | 64 | 44 | 56 
7.071 | 40 | 44 | 56] 72 || 8.571 | 72 | 56 | 32 | 48 || 10.667] 48 | 40 | 64 | 72 
7.104 | 48 | 44 | 56 | 86 || 8.682 | 64 | 48 | 56 | 86 || 10.694] 56 | 32 | 44 | 72 
7.111 | 64 | 40 | 32 | 72 || 8.687 | 86 | 44 | 32 | 72 || 10.714] 72 | 56 | 40 | 48 
7.130 | 44 | 48 | 56 | 72 || 8.8390 | 72 | 64 | 44 | 56 || 10.750] 86 | 4o | 32 | 64 
7.150 | 72 | 44 | 28 | 64 || 8.880 | 56 | 28 | 32 | 72 || 10.850] 86 | 44'| 40 | 72 
7.163 | 44 | 40 | 56 | 86 || 8.930 | 48 | 40 | 64 | 86 |} 10.900] 72 | 48 | 32 | 44 
7.167 | 86] 40 | 24 | 72 |] 8.958 | 86 | 56 | 28 | 48 || 10.938] 56 | 32 | 40 | 64 
7-273 | 64 | 44 | 28 | 56 || 9.000 | 72 | 40 | 28 | 56 || 10.949] 86 | 48 | 44 | 72 
7.292 | 56 | 64 | 40 | 48 || 9.143 | 64 | 40 | 32 | 56 |] 11.111] 64 | 32 | 4o | 72 
7.330 | 86 | 44 | 24 | 64 || 9.166 | 48 | 32 | 44 | 72 || 11.168] 86 | 44 | 32 | 56 
7.333 | 44 | 40] 48 | 72 || 9.214 | 86 | 40 | 24 | 56 || 11.160] 72 | 48 | 64 | 86 
7.407 | 40 | 48 | 64 | 72 || 9.333 | 48 | 40 | 56 | 72 || 11.198] 86 | 64 | 40 | 48 
7.465 | 86 | 64 | 40 | 72 || 9.351 | 72 | 56 | 32 | 44 || 11.250] 72 | 32 | 28 | 56 
7.500 | 72 | 48 | 32 | 64 || 9.375 | 72 | 64 | 40'| 48 || 11.313] 56 | 44 | 64 | 72 
7.604 | 86 | 44 | 28 | 72 || 9.385 |. 86| 56 | 44 | 72 || 11.402] 86 | 44 | 28 | 48 
7.619 | 48 | 56} 64 | 72 |} 9.406 | 86 | 40 | 28 | 64 || 11.518] 86 | 64 | 48 | 56 
7.679 | 86 | 64 | 32 | 56 || 9.420 | 48 | 56 | 44 | 40 || 11.667] 56 | 32 | 48 | 72 
7.714 | 72 | 40 | 24 | 56 || 0.471 | 56 | 44 | 64 | 86 || 11.688) 72 | 56 | 40 | 44 
7.778 | 64'| 32 | 28 | 72 || 9.524 | 64 | 56 | 40 | 48 |] 11.758] 86 | 32 | 28 | 64 
7.814 |.48 | 40 | 56 | 86 |] 9.545 | 72 | 48 |] 28 | 44 || 11.786) 72 | 56 | 44 | 48 
7.839 | 86 | 48 | 28 | 64 |] 9.556 | 86 | 40 | 32 | 72 || 11.852] 64 | 24 | 32 | 72 
7.875 | 72 | 40 | 28 | 64 |} 9.568 | 72 | 56 | 64 | 86 || 12.000] 72 | 40 | 32 | 48 
7.955 | 56 | 64 | 40 | 44 || 9.508 | 86 | 64 | 4o | 56 || 12.031] 56 | 32 | 44 | 64 
7.963 | 86] 48 | 32 | 72 || 9.625 | 56 | 64 | 44 | 40 || 12.040] 86 | 56 | 64 | 72 
8.000 | 64} 40 | 28 | 56 || 9.643 | 72 | 64 | 48 | 56 || 12.r2t| 64 | 48 | 40 | 44 
8.021 | 56 | 64 | 44 | 48 || 9.607 | 64 | 48 | 32 | 44 || 12.178] 72 | 44 | 64 | 86 
8.036 | 72 | 64 | 40 | 56 || 9.722 | 56 | 32 | 40 | 72 || 12.216] 86 | 64 | 40 | 44 
8.063 | 86 | 40 | 24 | 64 || 9.773 | 86 | 44 | 32 | 64 || 12.222] 48 | 24 | 44 | 72 
8.081 | 40 | 44 | 64 | 72 || 9.778 | 44 | 40 | 64 | 72 || 12.273] 72°] 64 | 48 | 44 
8.118 | 48 | 44 | 64 | 86 || 9.844 | 72 | 32 | 28 | 64 || 12.286] 86 | 4o | 32 | 56 
8.148 | 44 | 48 | 64 | 72 || 9.054 | 86 | 48 | 40 | 72 || 12.318] 86 | 64 | 44 | 48 
8.182 | 72:| 44°] 28 | 56 ||10.150 | 64 | 28 | 32 | 72 || 12.375] 72 | 40 | 44 | 64 
8.186 | 44 |:40 | 64 | 86 ||10.227 | 72°| 64 | 40} 44 || 12.444] 56 | 40 | 64 | 72 


For leads up to 12.444. 


-WORM AND SPIRAL GEARS 207 


GEARING FOR CuTTInc WorM AND SPIRAL GEARS 


Leads from 12.468 to 24.635 Inches 
Lead Driven _ Second X Worm 


Io Drivers First X Screw 
£ 8 2 
pb Ee] 2 18 2 |g 
8 8 \% x 8/3 s & 3 
eh OT a a|E = § [sal gale a SEleale 
a 5 (esicze | a (5 [egees |e 1B leSiEse 
a SABRE hla a BAIS BIE Ela a, BAIS EIS ela 
n Dll 2 DI|| a azole D> 
AISOIAl La e}2AlRQ hk SleQIFAlLe 
Ga Bogy| Mla O]] wa Boya~|] lo 0]] wa Borgel joo 
° OF ID la OV OPM ID Lae OV JOP LID Lae 
~ HEle a¢ HE] of |weled Salwell wg |whled 8§ Pit] 
38 [POLES Sd/ SO] 89 [SQLES!8a/SQl] $8 | SQ125/ 85/80 
=] Ole la jO 4 O |e ~ [a ~ 10 ras) Ole ja |O 
12.468 | 64 | 56 | 48 | 44 || 15.420] 72 | 56 | 48 | 40 || 19.106] 86 | 32 | 40 | 56 
12.500 | 56 | 28 | 40 | 64 || 15.460] 72 | 32 | 44 | 64 || 19.286] 72 | 32 | 48 | 56 
12.542 | 86 | 40 | 28 | 48 || 15.556] 64 | 32 | 56 | 72 || 10.502] 64 | 28 | 48 | 56 


12.571 | 64 | 56 | 44 | 40 || 15.636] 86 | 40 | 32 | 44 || 19.636] 72 | 44 | 48 | 40 
12.698 | 64 | 28 | 40 | 72 || 15.677] 86 | 64 | 56 | 48 || 19.688] 72 | 32] 56 | 64 
12.798 | 86 | 56 | 40 | 48 || 15.714] 64 | 32 | 44 | 56 || 19.708] 86 | 48 | 44 | 40 
12.833 | 56 | 48 | 44 | 40 || 15.750] 72 | 64 | 56 | 4o |] 19.907] 86 | 24 | 40 | 72 
12.857 | 72 | 28 | 32 | 64 || 15.926] 86 | 48 | 64 | 72 || 20.156] 86 | 64 | 72 | 48 
12.963 | 56 | 24 | 40 | 72 || 16.071| 72 | 32 | 40 | 56 || 20.204] 72 | 28 | 44 | 56 
13.030 | 86 | 48 | 32 | 44 || 16.125] 86 | 64 | 48 | 4o || 20.364] 64 | 44 | 56 | 40 
13.001 | 72 | 40 | 32 | 44 || 16.288] 86 | 48 | 40 | 44 |] 20.455] 72 | 32] 40 | 44 
13.125 | 56 | 32 | 48 | 64 || 16.206] 64 | 24 | 44 | 72 || 20.476] 86 | 56 | 64 | 48 
13.139 | 86 | 40 | 44 | 72 || 16.424] 86 | 32 | 44 | 72 || 20/571] 72 | 56] 64 | 40 
13.333 | 64 | 32 | 48 | 72 || 16.500] 72 | 48 | 44 | 40 || 20.625) 72 | 48 | 44 | 32 
13.395 | 72 | 40 | 64 | 86 || 16.722] 86 | 40 | 56 | 72 || 20.741] 64 | 24 | 56 | 72 
13.438 | 86 | 32 | 28 | 56 || 16.753] 86 | 56 | 48 | 44 || 20.903] 86 | 32 | 56 | 72 
13.500 | 72 | 64 | 48 | 40 || 16.797| 86 | 32 | 4o | 64 || 20.052] 64 | 24 | 44 | 56 
13.636 | 72 | 48 | 40 | 44 || 16.875] 72 | 32] 48 | 64 || 21.000] 72 | 48 | 56 | 40 
13.651 | 86 | 28 | 32 | 72 || 16.893] 86 | 56 | 44 | 4o || 21.116] 86 | 32 | 44 | 56 
13.714 | 64 | 56 | 48 | 40 || 16.970] 64 | 48 | 56 | 44 || 21.420] 72 | 28°] 40} 48 
13.750 | 56 | 28 | 44 | 64 || 17.063] 86 | 28 | 4o | 72 || 21.818} 72 | 48 | 64 | 44 
13.935 | 86 | 24 | 28 | 72 || 17.102] 86 | 64 | 56 | 44 || 21.930] 86 | 28 | 4o | 56 
13.961 | 86 | 56 | 40} 44 || 17.143] 72 | 56 | 64 | 48 || 21.080] 86 | 64 | 72 | 44 
13.968 | 64 | 28 | 44 | 72 || 17.277] 86 | 64 | 72 | 56 || 22.041] 72 | 28 | 48 | 56 
14.026 | 72 | 56] 48 | 44 || 17.374] 86 | 44 | 64 | 72 || 22.338] 86 | 56 | 64 | 44 
14.063 | 72 | 32 | 40 | 64 || 17.455] 64 | 44 | 48 | 40 || 22.306] 86 | 32 | 40 | 48 
14.077 | 86 | 56 | 44 | 48 || 17.500] 56 | 24 | 48 | 64 || 22.500] 72 | 28 | 56 | 64 
14.143 | 72 | 56 | 44 | 40 || 17.551] 86 | 28 | 32 | 56 || 22.803] 86 | 48 | 56 | 44 
14.250 | 56 | 24 | 44 | 72 || 17.679] 72 | 56 | 44 | 32 || 22.857] 64 | 24 | 48 | 56 
14.286 | 64 | 32 | 40 | 56 || 17.777] 64 | 28 | 56 | 72 || 22.900] 72 | 44 | 56 | 40 
14.318 | 72 | 64 | 56 | 44 || 17.9047] 86 | 32 | 48 | 72 || 23.036] 86 | 56 | 72 | 48 
14.333 | 86 | 40 | 48 | 72 || 17.950] 64 | 28 | 44 | 56 || 23.333] 64 | 48 | 56 | 32 
14.659 | 86 | 64 | 48 | 44 |] 18.333] 64 | 48 | 44 | 32 || 23-455] 86 | 44 | 48 | 40 
14.667 | 64 | 48 | 44 | 40 || 18.367] 72 | 28 | 40 | 56 || 23.516] 86 | 64 | 56 | 32 
14.694 | 72 | 28 | 32 | 56 || 18.420] 86 | 56 | 48 | 40 || 23.571] 72 | 28 | 44 | 48 


| 14.781 | 86 | 64 | 44 | 40 |} 18.477] 86 | 32 | 44 | 64 || 23.880] 86 | 32 | 64 | 72 


14.815 | 64 | 24 | 40 | 72 || 18.667] 64 | 48 | 56 | 40 || 24.000] 72 | 48 | 64 | 40 
14.931 | 86 | 32 | 40 | 72 || 18.701] 72 | 56 | 64 | 44 || 24.133] 86 | 28 | 44 | 56 
15.000 | 56 | 28 | 48 | 64 || 18.750] 72 | 32 | 40 | 48 || 24.188] 86 | 64 | 72 | 40 
15.202 | 86 | 44 | 56 | 72 || 18.770] 86 | 28 | 44 | 72 || 24.432] 86 | 32 | 40 | 44 
15.238 | 64 | 28 | 48 | 72 || 18.813] 86 | 64 | 56 | 40 || 24.545] 72 | 44 | 48 | 32, 
15.273 | 50 | 44 | 48 | 4o || 19.001] 72 | 48 | 56 | 44 |] 24.571] 86 | 56 | 64 | 40 
15.357 | 86 | 28 | 32 | 64 || 19.111] 86 | 40 | 64 | 72 || 24.635] 86 | 48 | 44 | 32 


For leads up to 24.635 inches. 
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GEARING ror Cuttrnc Worm AND SPIRAL GEARS 


Leads from 24.750 to 80.625 Inches 
Lead _ Driven _ Second X Worm 


Gear on Worm 


(Driven) 
First Intermediate 


Gear (Driver) 
Second Intermediate 


Gear (Driven) 
Gear for Screw 


(Driver) 


ite) Drivers First X Screw 
2 2 
2 |. 2 |3 

§ si § s |S s 

a a |Saleele = § Sule ele ae 

@ |8 [eslssie | & |S lasiesls | & 

a BAISEIE En a EAIBEISkla a 
a S|SQlSaQlial| 2 aISQIFOl Lal] 2 
“Hn H#O/BSILVi Ss oO]] wa [BV/ aH] -]0 Ol] #8 
oe OPS gtr e og OPP aS n[A2 og 
es) BM Bie 1 & & roms) Bi soe SiS, Su ee Ee ents) 
ge |$O\25/85/ 8a] 35 |8S]25|85/80]| 38 
Basins el cp el | Pr lds | 3 (7 Sel) lee 
24.750 | 72 | 40 | 44 | 32 || 30.857] 72 | 28 | 48 | 40 || 40.952 
25.083 | 86 | 48 | 56 | 4o || 31.111] 64 | 24 | 56 | 48 || 41.143 
25.130 | 86 | 56 | 72 | 44 || 31.273] 86 | 44 | 64 | 40 |] 41.806 
25.455 | 64 | 44 | 56 | 32 || 31.354] 86 | 48 | 56 | 32 || 42.232 
25.595 | 86 | 28 | 40 | 48 || 31.500] 72 | 40 | 56 | 32 || 43.000 
25.714 | 72 | 56 | 64 | 32 || 3r.852| 86 | 24 | 64 | 72 || 43.636 
26.061 | 86 | 48 | 64 | 44 || 32.000] 64 | 28 | 56 | 40 || 43.977 
26.182 | 72 | 44 | 64 | 40 || 32.250] 86 | 48 | 72 | 40 || 44.675 
26.250 | 72 | 48 | 56 | 32 || 32.576] 86 | 24 | 40 | 44 || 45.000 
26.327 | 86 | 28 | 48 | 56 || 32.727| 72 | 44 | 64 | 32 || 45.606 
26.667 | 64 | 28 | 56 | 48 || 32.847] 86 | 24 | 44 | 48 || 46.071 
26.875 | 86 | 28 | 56 | 64 |] 33.507] 86 | 28 | 48 | 44 || 47-778 
27.000 | 72 | 40 | 48 | 32 |] 33.786] 86 | 28 | 44 | 40 || 48.000 
27.302 | 86 | 28 | 64 | 72 || 33.930] 64 | 24 | 56 | 44 || 48.375 
27.304 | 86 | 44 | 56 | 40 || 34.205] 86 | 44 | 56 | 32 || 49.143 
27.500 | 72 | 24 | 44 | 48 |] 34.286] 72 | 28 | 64 | 48 || 50 107 
27.643 | 86 | 56 | 72 | 40 || 34.554] 86 | 56 | 72 | 32 || 50.260 
27.922 | 86 | 28 | 40 | 44 || 35.000] 72 | 24 | 56 | 48 || 51.429 
28.000 | 64 | 40 | 56 | 32 || 35.102] 86 | 28 | 64 | 56 || 52.121 
28.052 | 72 | 28 | 48 | 44 || 35.182) 86 72 | 40 || 53.750 
28.155 | 86 | 28 | 44 | 48 || 35-833] 86 | 48 | 64 | 32 || 55.286 
28.636 | 72 | 44 | 56 | 32 || 36.000] 72 | 40 | 64 | 32 || 57.333 
28.667 | 86 | 48 | 64 | 40 || 36.857] 86 | 28 | 48 | 40 || 58.636 
29.091 | 64 | 28 | 56 | 44 || 37.403] 72 | 28 | 64 | 44 || 60.000 
29.318 | 86 | 48 | 72 | 44 || 37.625] 86 | 40.| 56 | 32 || 61.429 
29.388 | 72 | 28 | 64 | 56 || 38.182] 72 | 24 | 56 | 44 || 62.708 
29.563 | 86 | 40 | 44 | 32 || 39.091] 86 | 44 | 64 | 32 || 64.500 
29.861 | 86 | 24 | 40 | 48 |] 30.417] 86 | 24 | 44 | 40 || 69.107 
30.000 | 72 | 48 | 64 | 32 |] 30.490] 86 | 28 | 72 | 56 |} 71.667 
30.234 | 86 | 64 | 72 | 32 || 40.000] 72 | 24 | 64 | 48 |} 80.625 
30.714 | 86 | 56 | 64 | 32 || 40.313] 86 | 48 | 72 | 32 


For leads up to 80.625 inches. 
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PLAIN AND DIFFERENTIAL INDEXING ON BROWN & 
SHARPE MILLING MACHINES 


Tue general arrangement of the universal dividing head is illus- 
_ trated in Figs. 1, 2, and 3. As indicated by the diagrammatic 
sketch Fig. 2, the worm wheel A is secured to the main spindle of 
_ the spiral head and rotated by means of the worm shaft and single- 
threaded worm B. The index plate (having rows of equally spaced 
holes) remains stationary during ‘the dividing operation, and is 
fitted with adjustable sector arms which obviate the necessity of 
counting the number of holes through which the index crank 
requires to be moved each time a division is made on the surface 
of the work. The standard ratio between the worm B and the 
' worm wheel 4 is 1: 40; and to find the movement of the index crank 


Fic. t.—Brown and Sharpe Dividing Head Arranged for 
Differential Indexing 


or any required division, the following formula is employed: The 

_ movement of the index crank = where JV is the number of equal 
- divisions required. 

Example: Let it be required to divide the circumference of a piece 
of work into 48 equal parts. 

The movement of the index crank for each division = a = : revolu- 
_ tions. 
An index plate having a row of 18 holes would be chosen, and the 
_ sector arms set to limit the movement of the index crank to 15 


Se ga 
spaces for ee 


GENERAL PRINCIPLE OF DIFFERENTIAL INDEXING 


__ The number of equal divisions which may be obtained by simple 

indexing (with the index plates usually provided by milling-machine 
makers) is strictly limited, and does not meet all the requirements 
called for in practice. 
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Differential indexing provides the most convenient way of over- 
coming this difficulty, this method being simpler than compound 
indexing. In the differential system the dividing operation is per- 
formed as in simple indexing, the only difference being that the 
index plate instead of remaining stationary during the process of 
indexing, is made to move relatively to the index crank, being con- 


Beotor Arms Index Oronk 


kate Hi ay 


it 


Index Plate 


Worm Wheel, 

40 Teeth 

Single Thread 
Worm 


Main Spindle 


Ohange Gears 


Equa] Wheels 


Equal Spiral 
Gears 


| 
Index Orank 


or, 


Fic. 3 


nected to the main spindle of the spiral head by a set of change 
gears, which may be arranged to give either a positive or negativi 
movement to the index plate; whichever is found necessary t 
determine the actual motion which must be given to the inde: 
crank in order to satisfy the formula given above for simple index 


. 


ing: Actual movement of the index crank = is 


N 
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The two views in Fig. 1 and the:diagram, Fig. 3, will serve to give 
an idea of the arrangement of the gearing, which is adopted in dif- 
ferential indexing. 

For any movement of the index crank the motion is transmitted 
to the index plate (which is free to rotate on the worm shaft) as 
follows: The index crank drives through the worm shaft and worm 
B to the worm wheel A, which in turn transmits the motion through 
the change gears, spiral gears and.equal gears, the last of which is 
- connected directly to the index plate. The last pair of gears being 
equal and driven through equal spiral gears, whatever number of 
revolutions are given to the gear £, the index plate will make the 
same number. It is therefore convenient to consider the revolutions 
of the gear Z, as the revolutions of the index plate in all calculations. 

To illustrate the influence of the gearing on the index plate and 
indexing operation, consider the following example: Required to 
index for 107 divisions: 

If we use the plate having 20 holes and move 8 holes per division, 
as in simple indexing for 100 divisions, 100 moves will of course be 
required to rotate the worm 4o turns, which in turn rotates the 
spindle once. If now we make 107 moves with the index plate fixed 


as in simple indexing, we will obtain 107 X 2 = 42.8 revolutions of 


the worm, which is 2.8 in excess of what is required. Therefore the 
index plate must be geared so that it will move back 2.8 turns while 
the spindle is revolving once; that is, the ratio of the gearing must be 
2.8 to I. 


ZO V2 

i BUEN 

I 2 I : 
PENT Zee mS cs Sak 
2 20 40 I 32. 4:32 


56 


Then 28 Bee x and the gears will be 64 and 56 for the spindle 


and first gear on stud, and 40 and 32 for the worm and second 
gear on stud, as shown in Fig. 1. As compound gears are used, 
but one idler is required to cause the index plate to move in a direc- 
tion opposite to that of the crank. For this purpose an idler having 
24 teeth is employed. 


Formula for Finding the Gear Ratio 


A simple formula for the determination of the gear ratio necessary 
to rotate the index plate as required for any given number of teeth 
is derived as follows: 

Let N equal the number of divisions required to be indexed. 

Let 7 equal some number either greater or smaller than NV, which 
can be obtained directly by simple indexing. 


° ; : P F 
Let a equal the index setting; that is the setting of the sector 


arms for each movement of the index crank; 
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Then (x — NV) X - equals the gear ratio. 


If the number chosen for 7 is greater than the number of divisions 
required (NV) the index plate must be geared to have a positive 
motion, that is to rotate in the same direction as the index crank. 
If the number x is less than W the index plate is geared to have a 
negative motion, that is, to rotate in opposite direction to the 
crank, 


Application of the Formula 


Suppose we wish to obtain 63 divisions: choose any number for 
n which may be obtained by simple indexing, say 60, then 


Gti N) = (Go = 63) aur 3 


This number (—3) when multiplied by the value of the index setting 
will give the gear ratio. The index setting equals A equals Bs! 


40 40 (new 5 
then (x — IV) , BEX ea, 5 or as the gear ratio. 
We can therefore use gears of 48 and 24 teeth, the 48 gear being the 
driver and the 24 gear the follower; that is, the 48 gear being on 
the spindle and the 24 gear on the worm. As x is smaller than V 
me idlers are arranged to give a negative movement to the index 
plate. 


The index setting is found above as i which equals - or . We 

can thus use the 39 hole circle in the index plate and set the sector 
Pane : 26 3 

for 26 holes, this giving the setting as — or ay that is, we set the sec- 
tor and index pin exactly the same as for simple indexing of 60 
divisions. 
_ The tables on the following pages give the dividing head gears for 
indexing all numbers up to 730. 


INDEXING 273 


Number of Divisions 
Index 


Index Circle 


No. 1 Hole Idlers 
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Idlers 


No. 1 Hole 
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d No. 1 Hole 
5 S 

A ie, hee pie ie 
8 yy é = FI Ow 
Mai iay }heeel( Se | jee: | ee 
g < 64 |° 8 | Ba | 88 
a 4 a oO & a 
84 21 42 

85 17 17 

86 43 £3 

87 15 ts | 4° 

83 33 $3 

89 18 ay 72 

go 27 2% 

gt 39 $8 24 

92 23 2s 

93 18 Ts 24 

94 47 47 

95 19 19 

96 21 Tr 28 

97 20 a0 40 

98 49 $3 

99 20 25 56 28 40 
TOO 20 to 
IOI 20 ty 72 24 40 
102 20 ay 40 
103 20 30 40 
104 | 39 | 4 
105 21 or 
106 43 pad 86 24 24 
107 20 oy 40 56 32 
108 27 Pha 
109 16 fs 32 
IIo 33 
Ilr 39 i 24 

112 39 39 24 
113 39 33 24 
114 39 $5 24 
Bis || 23 || 
116 29 43 
117 39 $5 24 

118 39. 4h 48 

119 39 i 72 

120 39 $ 

121 39 $9 | 72 

122 39 xe | (48 

123 39 33 | 24 

124 31 st 
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Idlers 
2 ey 
° 
ss g 
4 a 
24 | 44 
44 
24 44 
24 44 
24 44 
44 

24. 
24 44 
24 44 

24 
24 | 44 
32 
44 
44 
44 
56 
44 
44 
24 44 
24. 44 
24 | 44 


Idlers 
2 a 
s | s 
Lal a 
2 | 8 
24 44 
24 44 
24 44 
24 44 
44 
44 
44 
56 
44 
44 
24 44 
24 44 
24 44 
24 44 
24 44 
44 
44 
44 
56 
44 
24 
24 44 
24 44 
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q No. 1 Hole 

2 ‘8 z 2 
A r g ei) 8 3 z 
‘S Fe = 8 io} ny 
4 rs) a FI 3 8 a 
3 “38 6 y | ga 6 
B | 2 | wea lee [aa | gala 
A A Aa o 2) a o 

125 39 $8 24 40 

126 39 $8 24 43 

127 39 48 24. 56 

128 16 a5 

129 39 ap | 24 72 

130 39 Yj A 

131 20 40 2 

132 33 Ht 

133 aX UT 24 48 

134 2I ar 28 48 

135 27 a7 

136 17 tr 

137 2 or 28 24 

138 az ZI 56 32 

139 21 aT 56 32 48 24 

140 49 49 

141 18 as 48 40 

142 21 or 56 32 

143 2 vr 28 24 

144 18 tr 

145 29 a5 

146 21 tr 28 48 

147 21 a'r 24 48 

148 | 37 4 

149 21 at 28 42 

150 15 ts 

I51 20 oo 32 72 

152 19 ts 

153 20 20 32 56 

154 20 25 32 48 

155 31 3r 

156 39 a 

157 20 20 32 24 

158 20 a5 48 24 

159 20 to 64 32 56 28 

160 20 25 

161 20 26 64 32 56 28 

162 20 a5 48 24 

163 20 35 32 24 

164 | gr | 4g 

165 33 35 
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q No. 1 Hole Idlers 
2 “ © 
A é gE 8 3 el 
S 3 ‘a Ee 3 Ow 7) 3 4 
ene eee Se ey] ee ce ae | 

o ~ 4 GA oa : 
Z emer ie Se 1 all Bea Se tae & 
166 20 oy 32 48 24 44 
167 20 $5 32 56 24 44 
168 21 er 
169 20 zs | 32 72\| 24 | 044 
170 17 ty 
171 21 OT 56 40 24 44 
172 43 33 
173 18 ts 72 56 || |og2 }) ot64 
174 18 ts 24 32 | 56 
175 18 is 72 40 32 64 
176 18 is 72 24 24 64 
177 18 te 72 48 24 
178 18 te 72 32 ||| 344 | 
179 18 tr 72 24 | 48 | 32 
180 18 as 
181 18 fs 72 24 48 32 24 
182 18 ts 72 32 24 44 
183 18 ts | 48 32 1\| 024 44 
184 23 25 
185 37 37 
186 18 ay 48 64 24 44 
187 18 as q2 48 24 56 24 
188 47 27 
189 18 ts 32 64 | 24 | 44 
190 19 19 
IQ 20 to 40 72 24 
192 20 ay 40 64 44 
193 20 20 40 56 44 
194 20 20 40 48 44 
195 | 39 39 
196 49 33 
197 20 os 40 24 56 
198 20 ay 56 28 40 32 
199 20 zw | 100 | 40 | 64 | 32 
200 20 ss 
201 20.. ss 42 24 40 24 24 
202 20) ts 72 24 40° 48 24 
203 20 ts 40 24 24 44 
204 20 ao 40 32 24 44 
205 41 a1 
206 20 ats 40 48 24 44 


dS 
~ 
co 


MILLING AND MILLING CUTTERS 


E No. 1 Hole Idlers 
aa es oe 
ie fo) is} g zg 
Q o n 6 + h +o 
e | 2 8 lee | & |) eel ee ee 

3 Ss) & g o 8 g je ig 
S a 6 5 ie) bol) ) 

Fy § ae 4 ae | |B a 4 is S 
2 | Bie 6 evil) eel 
207 20 zo 40 56 24 44 
208 20 3 40 64 24 44 
209 || 20.)| giv | |), 4° 72 24 | 44 
210 21 oT 
211 16 is 64 28 44 
212 43 ifs 86 24 24 48 
213 27 27 72 40 44 
214 20 Zo 40 56 32 64 24 
25S 43 a3 
216 ay pia 
217 21 st 48 64 24 44 
218 16 fs 64 56 24 44 
219 21 - 28 48 24 44 
220 33 3 
221 17 Did 24 24 56 
222 18 ps 24 72 44 
223 43 a3 86 48 24 64 24 
224 18 +5 24 64 44 
225 27 PT 24 40 24 44 
226 18 Aas 24 56 44 
227 49 49 56 64 28 72 
228 18 rat 24 48 44 
229 18 is 24 44 48 
230 23 sy 
oe 18 1 32 48 44 

ay 20 
233 18 5 48 56 44 
at 18 1s 24 24 56 

47 a7 
a ss is 4 32 | 44 

I z 4 24 44 
238) | va8 | | pai 72 24 | 44 
ue a as 72 24 64 32 

- ni, 
24t/ | 18 | se 72 24\ 04, ieg2 24 
242 18 Ps re) 24 24 44 
243 18 is 64 32 24 44 
ae A is 48 32 24. | 44 

9 49 < 

246 18 ts 24 24 24 44 
247 18 15 48 56 24 44 


INDEXING 279 

§ No. 1 Hole Idlers 

va aa o 

iZ ic} q ss 

A 3 FA : : 3 ® © 
io) a3 3 Ee g Ov A uc) irc) 
5 o & x4 g o) Tee a a3 x 
to} w Ho ° Me} n ° ey ~ 
a Sl 3a w | 38 | 8g g é 5 
Z ee i| 6 | & a | 3 Z Z 
248 31 sr 

249 18 is 32 48 24 44 
250 18 zs 24 40 24 44 
251 || $18 is 48 44 32 64 24 
252 18 pe 24 48 24 44 
253 33 ea 24 40 56 

254 18 ts 24 56 24 44 
255 18 ae 48 40° 24 72 24 
256 18 fs 2 64 24 44 
257 49 ra 56 48 28 64 24 
258 43 a3 2 64 24 44 
259 21 BI 24 72 44 

260 39 a9 

261 29 ay 48 64 24 72 

262 20 $y 40° 28 44 

263 49 5 56 64 28 72 24 
204 33 a5 

265 21 or 56 40 24 72 

266 21 or 32 64 44 

207 27 27 72 32 44 

208 21 or 28 48 44 

ane 20 z0 64 32 40 28 24 
AS) 2i/, 27 

271 21 or 56 72 24 

ohi@) 21 sy 56 64 24 

273 at oT 24 24 56 

274 21 or 56 48 44 

275 21 sy 56 40 44 

276 21 37 56 32 44 

277 aI 2 56 24 44 

278 21 or 56 32 48 24 

279 27 oy 24 32 24 44 
280 49 as 

281 21 oT 72 24 56 24 24 
282 43 ots 86 24 24 56 

283 aI 3r 56 24 24 44 
284 21 Br 56 32 24 44 
285 21 Ee 56 40 24 44 
286 21 $r 56 48 24 44 
287 21 or 24 24 24 44 
288 21 sy 28 32 24 44 


280 MILLING AND MILLING CUTTERS 


q No. x Hole 
a 
- x) 
fa) Fe a E 8 g 
¢) 2 |e ilee | ete 
aT oO qa oa 
S ] oy | sea | Gal ag 
is) 5 & 
Z Ale tS | | es 
289 2I rr 56 
290 29 a) 
291 15 ts | 4° 
292 21 Pr 28 
2903 5 +5 48 32 40 
294 21 Br) 245 
a. i) ae |'| 48 
8) 37 BT 
297 | 33 fr | 285 | 480i) 424 
298 21 or 28 
299 23 gs | 24 
300 15 15 
301 43 as | 24 
302 16 vs 32 
303 15 et | 72:5) 24. | Cao 
304 16 +5 24 
305 15 ts | 48 
306 15 as 40 
307 15 Hey aI | 49h S40 
308 16 v5 32 
309 15 ts | 40 
310 31 vr 
311 16 as 64 24 24 
312 39 35 
313 16 a5 32 
314 16 ys 32 
315 16 16 64. 
316 16 5 64 
317 16 rs 64 
318 16 ts 56 28 48 
319 29 ao 48 64 24 
320 16 5 
321 16 +5 72 24 64 
ae 23 25 3? 
323 16 ve 64 
324 16 ts | 64 
325 16 os 64 
326 16 vs 32 
207 16 x5 32 
328 4I 4 
ts 


Idlers 
o 
cS 
A 
a 
a i pi4@ 
g ss ss 
8 Lal a 
Si gi 4 
y2 | 24 | 44 
48 44 
48 24 44 
56 
48 24 44 
32 | 44 
56 
72 24 44 
24 56 
48 24 44 
72 | 24 
48 24 
48 44 
32 24 44 
32 24 44 
56 24 
48 44 
48 24 44 
72 
28 56 
24 56 
40 24 
32 44 
24 44 
24 - 
72 24 
24 24 
64 24 44 
24 24 44 
32 24 44 
40 24 44 
24 24. | 44 
28 24 44 


No. of Turns of 
Index 
Gear on Worm 


Number of Divisions 
Index Circle 


eo hs 
7 


| 
o 


i} 


len tes he sl oh 
POI aa? echo colt ce 


a 


ei | ls eo ts ns len lao | tho og ho th 
ABASIC ESOS SNES SESE Maa Maes es ete eee eee aM a 


| 
~ 


INDEXING 281 


No. 1 Hole Idlers 
2 
~ 
§ q 
i Bie ae: 
g oy 3 GC} 0 
pelea i|e2 (2 il & 
aes og 5 ° 
elie ile i] el] 2 
64 44 24 48 24 
32 AS) | 224 44 
24 72 44 
32 56 24 44 
72 48 44 40 24 
32 64 24 44 
86 40 32 56 
32 72 24 44 
24 56 44 
86 24 32 40 
32 64 44 
40 64 24 86 24 
24 40 56 
2 56 32 64 
86 24 32 40 24 
24 32 56 


24 24 56 

72 24 24 64 

72 56 24. 

72 48 24 

72 40 24 

nee 32 24 

72 24 44 

72 Be 48 24 

86 48 32 Io0o 24 
2 64 44 

72 28 56 32 24 
72 24 240 44 
72 32 24 44 
2 48 24 56) 

48 32 24 44 
7a, 56 24 24 
72 24. 24 64 24 


32 56 28 64 


282 MILLING AND MILLING CUTTERS 


a No. 1 Hole Idlers 
E ‘S g 8 
Gla if tele |e) 2 
x) 5 Ee! 5 g 8 na i brat 
ee eee cae 
- 3 ne 2 3 ; 
Ela | geld | ee a ae eee 
371 ox fog || 321) 56 1) ag 1) Oe 
372 18 € 48 64 24 44 
373 20 20 40 48 32 72 
374 18 1s 72 64 32 56 24 
375 18 1s 24 40 24 | 44 
37 47 a7 
377 29 7 24 24 56 
378 18 32 64 24 44 
379 20 A 48 56 40 72 
300 19 9 
381 18 1s 24 56 24 44 
382 20 zo 40 72 24 
383 20 A 40 ee 44. 
383 | 20 | vb | 32 ae | a 
386 20 2 ° 6 
20 4 5 44 
387 431) aS | ee | age tlliaee 4 
i slate | male 
390 39 | 35 
391 20 zo 48 24, 40 72 
392 49 a9 
393 20 | #5 | 40 28 44 
394 20 x5 40 24 56 
S351] || at] Sell oo |] ae ae | 
20 5 4° 32 
397 20) | ay || 64)| 24 |] go || ge 
398 20 oy 100 40 64 32 
399 aX ae 32 64 44 
400 20 Oo 
401 21 $c 56 32 24 Ghote 
402 21 vr 28 48 44 
403 20 oy 64 24 40 32 24 
404 20) | xo | 72 24 | 40 | 48 24 
405 20 zo 64 32 24 44 
406 20 zo 40 24 24 44 
407 20 2 40 28 24 44 
408 20 to 40 32 24 44 
409 20 20 40 24 32 48 24 
410 41 zr 


Note. Special gears in this and following tables are 46, 47, 
e2. «8 68. 70. 76, Ba. 1Special gear. 


INDEXING 283 

q | No. 1 Hole Idlers 
is 4 2 
a 2 Bf g 8 3 a 
S = || 2 P| ge poe | ‘3 | 
meine || ee | SS | Se | ee |e | 

; Ay cts 8 ne q 4 5 z 
eve |e | S| Ne] Eee 
4TI 21 or 28 24 56 
4t2 20 | vy a 48 24 | 44 
413 a1 4 32 44 
414 ar e 56 32 44 
415 20: || He | 32 48 24 | 44 
416 20 20 40 64 24 44 
4I7 a1 or 56 | 32 | 48 24 
418 20 to 40 92 24 44 
419 33 3s 44 28 24 72 
420 21 x 
421 20 ay 48 56 40 72 24 
422 20 | yo | 40 44 | 32 64 24 
423 az aT 72 24 56 48 24 
424 43 gs | 86 24, 24 48 
425 21 vr 72 48 56 40 24 
426 21 Pee 56 32 24 | 44 
427 201 | “ao; ||| 40 |, 48 | 32 72 24 
428 20 $y 40 56 32 64 24 
429 21 ur 28 24 24 44 
43° 43 as 
431 2X IE 72 44 28 48 24 
432 20 oy 40 56 28 64 24 
433 20 to | 40 | 44 24 72 24 
434 ai gr | 48 64 24 | 44 
435 2m at 28 40 24 | 44 
436 20 Dil 40 48 24 72 24 
437 23 | gs | 32 64 44 
438 21 ¥r 28 48 24 44 
439 43 - 86 24 24 72 24 
440 33 5 
441 21 or 32 64 24 44 
442 20 xo 40 56 24 72 24 
443 20 | x | 40 | 48 24 86 24 
444 21 21 56 48 24 64 24 
445 33 a5 64 32 44 40 24 
446 33°'| ay 44 24 24 48 
447 21 21 28 72 24 44 
448 20 a 40 64 24 72 24 
449 33 gs | 64 | 32 44 72 24 
45° 33 ss | 44 40 24 | ouge2 


284 MILLING AND MILLING CUTTERS 

a No. x Hole Idlers 

2 rc 4 =| 

a 2 n gE =] é g 

© & E 5 8 x a 3 3 

| ee | So | ee ee 
2 et | 5 a2 a g " . 

el eile | & | eis) Sie 

451 33 as | 24 24 24 | 44 

452 33 gs | 44 48 24 | 40 

453 33 ss | 44 52* | 24 | 40 

454 49 gy | 56 64 28 72 

455 49 ay | 28 | 40 32 64 

456 21 or 56 64 24. 72 24 

457 33 3s | 44 681 | 24 40 

458 33 gx | 44 72 24, 24 

459 27 or 24 48 24 72 

400 | 23 | ds 

461 33 gs | 44 28 24, 72 24, 

462 33.1] Be | 32 64 24 | 44 

463 aI or 56 64 24 86 24 

464 33 as | 44 48 28 56 24 

465 33 gs | 44 24, 24, 100 24, 

466 49 as | 56 48 28 64 

467 33 ax | 44 48 32 72 24 

468 39 go | (28 48 24 56 

469 49 a | 28 48 44 

479 47 z 

#7t) | 49.) | Has 1) SO" ge ye 76%, 

472 49 zs | 56 32 28 72 

473 33 gx | 48 64 32 72 24 

474 49 ||) tats || 50) 32 28 64 

475 49 os 56 40 28 48 

476 49 gs | 56 64 24 

477 27 Pid 24 48 24 56 

478 49 #z | 56 24 28 64 

479 49 zo | 56 32 28 hat 

480 49 Zs || 50 ||| 32 28 40 

ASt || war dlatrill eg aa 56 

482 33 gx | 44 56 24 72 24 

483 49 zs | 56 32 44 

484 49 az | 56 24 28 32 

485 23 gs | 461 | 24 24 100 24, 

486 27 a 32 56 28 64 

487 39 so | 24 72 52% | 44 

488 | 33 a3 64 24 72 24 

489 | 23 $s || 401 | 584%) 32 64 24 
49 £9 


490 


1Special gear. 


INDEXING 285 

a No. 1 Hole Idlers 
Poa ite tele |e 3 

xo) 2 5 = 3 Og a 3 3 
Se hee el ee eT eS 
aye loge a. | we ee hg Pe 
a 4 A o) fe 7) io) a a 
491 33 gs | 44 68% | 24 72 24 
492 4t fr | 28 48 24 56 

493 29 ty | 32 64 24 72 

494 390 | go | 32 64 44 

495 27 | wr | 32 | 4° 24 64 

496 49 rl sO 24 28 32 24 
407) 49 | «ay. |) 56 32 24 | 44 
498 27 tr | 48 56 24 64 

499 49 tz | 50 24, 28 48 24, 
feo 7 49 | ze | 56 | 32 28 40 24 
501 49 qs 56 32 28 44 24 
502 49 ts 56 32 28 48 24 
503 23 vs 461 | 64 32 86 24 
504 | 49 | wy | 56 64 24 | 24 
505 49 gs | 56 40 28 48 24 
506 49 gs | 56 32 28 64 24 
57 || 39 | ve | 24e |. 24 | 56 

508 49 1 gp || 568 |) 32 28 72 24, 
509 AO || zo |} 50 |F 32 28 76 24, 
510 49 #y | 56 | 40 28 64 24, 
511 49 | wy | 28 48 24 | 44 
512 49 | ao | s6 | 44 28 Sa 24, 
ot3 27 rie 32 4 44 

514 49 ze ls 48 28 64 24 
515 27 v7 | 72 32 24 | 100 

516 43 x | 32 56 28 64 

517 49 gs || 59 48 28 72 24 
518 49 a | 28 64 24 | 44 
519 27 a 72 56 32 64 

520 39 7 

521 27 tr | 72 764 | 48 64 

522 29 vs | 48 64 24, 72 

523 a7 {| “py || 72 681 | 48 64 

524 27 WW we 2k 1h 32 24, 64 

525 27 a7 72 40 32 64 

526 49,.| ds | 56 | 64 28 72 24 
527 BE xP |} 32 64 24 72 

528 27 or 92 24 24 64 

529 27 | wy | 72 | 44 48 64 

530 15 | re | 24 | 56 32 64 


1Special gear. 


286 MILLING AND MILLING CUTTERS 
g No. 1 Hole Idlers 
z ei g 4 
o 6 i ‘ 
= | 8 |) ay) Bll ge Se) ee 
Foi S | sel Se] Seles lt ee a 
2 | aa =| ¢ vd ‘ 
3 |\aie| 3.| lee) & ee 
——— 
531 247 an |) 72 48 24 
532 27 tr | 72 32 48 64 
533 27 ty | 72 32 48 56 
534 27 dr | 72 32 44 
535 27 tr | 72 32 48 40 
536 39 go | 527 64 24 | 44 
Soy. | 7.) eee lil72 28 | 56 | 32 
538 29 ts 581 56 24 72 
539 49 zx | 28 48 24 56 24 
540 27 v7 
545 | 39 | ve | 52% | 5601 32% || 48 24 
542 39 ae |) 52k |i 44% |) 32 64 24 
543 27 tr || 72 24 48 32 24 
544 15 ts | 40 56 24 64 
545 TS 1) ate llese 44. | 24 | 64 
546 39 gs | 32 64 24 | 44 
547 27 tr | 72 32 48 56 24 
548 27 gr | 72 32 48 64 24, 
549 27 dr | 72 48 24 | 24 
550 15 ae |) 32 40 24 64 
551 29 ty | 32 64 44 
552 27 Yr 72 24 24 64 24 
553 49 fs | 28 48 24, 72 24 
554 27 tr | 72 56 48 64 24, 
555 15 ts | 24 72 44 
556 15 ts | 24 44 40 64 
557 15 ts | 40 32 24 86 
558 27 | ty | 48 64 24 | 44 
559 39 89 24 72 24 44 
560 43 dz | 86 40 32 64 
561 27 dr | 72 56 32 64 24 
562 27 Pha 72 44 24 64 24 
563 29 ws | 58 68! | 44 
564 43 ¢z | 86 24 24 56 
565 Tope ee 24 56 44 
566 43 ds | 86 24 24 44 
567 15 Here line 44 | 40 64 
568 15 ts | 40 32 24 64 ; 
569 29 | dy | 58} 44 24 
57° 15 ts 32 64 44 


1 Special gear. 


1 Gear Special. 


INDEXING 287 
8 | No. 1 Hole Idlers 
‘a 
iS 3 2 
. 3 f 5 cig | ees | S 
2 c} § * wn ac} ° 
Boe | Se | el Sal ee | et Te | 
Eis | st | 2 | £2 | § 1-3 1313 
Z 4 A fe a o Z Z 
571 43 fs | 86 28) 64, | ge 
572 15 | ts | 40 28 24 | 64 
573 15 ts | 40 72 24 
574 41 tr | 32 64 24 44 
575 Poot ate |) 24 40 44 
576 15 ts | 40 64 24 
577 43 gs | 86 32 64 | 44 24 
578 15 rs | 48 44 | 40 64 
579 15 ts | 4° 56 44. 
580 29 Ph 
581 15 rvs | 48 32 40 76 
582 15 ts | 40 48 44 
583 27 ar | 72 64 24 | 86 24 
584 15 vs | 48 32 40 64 
585 15 ts | 24 24 56 
586 15 as | 72 48 | 40 | 56 
587 29 | ws | 58? 28 24 | 44 
583 15 ts | 40 32 44 
589 15 ms | 72 44 | 40 | 48 
590 15 ts | 48 32 44 
591 15 ts | 4° 24 44 
592 tO | xs | 24 72 44 
503 15 is i). 72 28 40 | 48 
504 33 as | 32 56 28 64 
595 15 creda ee: 24, 44 
596 15 ts | 72 24 40 32 
597 33 as | 44 56 24 72 
598 16 ts | 64 56 24 72 
599 43 gs | 86 44 24 84 24 
600 15 is 
601 29 vs | 581 | 56 48 72 24 
602 43 | @s | 32 64 24 | 44 
603 tS) | ets || a2 24 | 40 | 24 24, 
604 16 te 32 72 24 
605 15: ts 42 24 24 44 
606 Is ts 42 24 40 48 24 
607 15 | dy 72 28 40 48 24 
608 16 ys | 32 64 44 
609 15 ts | 4° 24 24 | 44 
610 | 15 | ws | 48 32 24 | 44 


288 MILLING AND MILLING CUTTERS 


q No. 1 Hole No. 2 Hole 
2 B | ¢ 
s | 3 ela la | Signe 
45 B | Og | ee | Be ee 
EI yy g Gn g 8 3 ° 6 
A 4 1) i) io) vA a 
O14 15 72 44 40° 48 24 
612 15 4o 32 24 44 
613 16 64 48 32 72 
614 15 72 48 40 56 24 
615 15 24 24 24 44 
616 16 32 48 44 
617 33 44 32 24 86 . 
618 15 40 48 24 44 
619 16 48 28 42 72 


1 Special gear. 


ee 


ee 


INDEXING 289 
Set 

a No. 1 Hole No. 2 Hole 
2 3 

A 2 4 g 8 4 a 

ei P lee laclis) ela la 
ae i ae ee ee 

6 . 4 a8 FI H S s 

ee Peeled.) BR Ser ase |S 
651 16 ty 64 44 24 24 
652 1 | wy | 32 24. 24 | 44 
653 sf eal Be 28 | 44 | 48 
654 16 | ws |) 64 56 24 | 44 
655 50) | 3s 64 | 40 | 32 | 48 24, 
656 16 zs 24 24 24 44 
657 BOE ee 34. |) 48 24 | 56 
658 16 py 64 24 24 72 24 
659 16 tr 64 24 24 764 24 
660 33 v5 
661 16 ty 64 56 48 72 24 
662 16 ty 64 44 24 48 24 
663 17 | ty | 24 24 56 
664 16 ts 32 48 24 44 
665 49 #5 56 40 24 | 44 
666 18 ty 24 72 44 
667 16 ps 64 48 32 72 24 
668 16 ts 32 56 24 44 
669 33 a5 44 24 24 24 
670 33 y 72 48 44 40 24 
671 33 72 48 24 24 
672 18 ts 24 64 44 
673 16 ys 48 44 32 72 24 
674 33 ve 72 56 44 48 24 
675 33 | ss | 44 40 24, 24 
676 16 ps 32 72 24 44 
677 18 ty 48 32 24 86 
678 18 ps 24 56 44 
679 | 49 | as | 28 44 24 | 40 
680 | 17 | py 
681 33 as | 44 56 24 24 
682 33 a5 48 64 24 24 
683 16 yr 32 86 24 44 
684 18 ts 32 64 44 
685 18 pe 24 56 48 40 
686 15 ps 40 64 24 86 24 
687 18 fy 24 44 48 
688 16 ty 24 72 24 44 
689 SO sae 24 48 24 56 
690 18 ad 24 40 56 


1 Special gear, 
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g No. 1 Hole Idlers 
Bs b 8 x 
a 2 ) 8 =| 3 
os | 2 | Bs | Bella lide) 28 
| So | Se Seles ae oo ae 
g 4 ou 3 | Bo | 88 3 é B" 
A & a o fy a a vA 
691 18 te 48 32 24 581 
692 18 qe 72 56 32 64 
693 18 ts | 32 48 44 
694 ry eae | 8? 56 24 | 44 
695 18 ral 72 24 24 100 
696 18 ts | 24 32 56 
697 17 Tr 24 24 24 44 
698 18 tei il 72 44 24 48 
699 1 | qs | 48 56 44 
700 18 ts |) 72 40 32 64 
OL 17 ay 684 } 48 32 56 24 
702 18 te 24 24 56 
703 19 | vs | 24 72 44 
704, 18 tvs | 72 24 24 64 
705 1 | vs | 48 40 44 
706 18 py 72 56 24 
707 18 ts | 72 521 | 24 
708 18 ts | 72 48 24 
709 18 vs | 72 44 oe 
710 18 os 72 40 24 
711 18 as 64 32 44 
712 18 ay 42 32 24 
913 18 qs 72 28 44 
734 18 ts | 72 24, 44 
715 18 vs | 72 32 64 40 
716 18 fy 72 28 56 32 
717 18 | ys | 72 24, 64 32 
718 33 as 44 81 24 64 24 
719 17 tr 681 | 521 24 72 24 
720 18 ty 
721 21 ay 24 64 32 68! 
722 19 qty 32 64 44 
723 18 qe 72 24 64 32 24 
724 18 ay 72 28 56 32 24 
725 18 te 72 24 48 40 24 
726 18 as 72 24 24 44 
727 18 13 72 28 24 44 
728 18 as 72 32 24 44 
729 18 | ts | 64 32 |. 24 | 44 
730 20 z 32 48 24 56 


1 Special gear. 
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TABLE FOR CurTtTinc Racks on CrncinNAtr Mririnc MACHINES 


(Continued) 
(Using the Cross Screw for Making Divisions) 

Pitch Pitch Pitch Pitch | Pitch Pitch | Pitch | Pitch 
2 24 28 234 3 3% 4 5 
ai) 2j2(2)4|2 ja] 2 lel 2 lel 3 lela lal 3 
2 ~ e} ue] ° v Oe Oo; vu Oo} OMT pis! °o| v 
CRMC (issn ened! Dinesh | tact ittral lc ealitiast hepreds Mulees (Petty tess (ticle at 
SG hee og NS) | Co LB) asl) ee TS GPS b Bee) 
8) 8/8} 8 |S] 8 fg 8 Psi 8 [sls fs 8 FS} 8 
m|e jel ale@| eo |e} & le] & fel & fel Go ial o 
7 |17r| 6 | 196) 6 | 57) 5) 14215] 47] 4| 98] 3} 185 | 3] 28 
7 |142|6 | 192] 6 |114]5) 84/5) 94] 4] 196] 3] 170] 3] 56 
7 |113| 6 | 188] 6) 271} 5) 26/5) r4r |} 4} 94/3/1255 13] 84 
7 84| 6 | 184} 6 | 28] 5] 168] 5| 188 | 4) r92 | 3] 140 | 3] rr2 
7 | 35] 6 | 180} 6] 85 | 5! 110}5} 35] 4] 90] 3] 125 | 3] t40 
7 20] 6|176| 6 |] 142)5|) 52]|5] 82] 4) 188 | 3] 110 | 3} 168 
7 | 197] 6 | 172] 6 | x99 | 5} 194] 5| 129 | 4] 86] 3] 95 | 3} 196 
7 | 168] 6 | 168} 6] 56] 5) 136]|5| 176 | 4) 184]3] 80] 3] 24 
7 | 139] 6 | 164] 6 | x13 | 5}. 78] 5} 23/4] 82]3) 65} 3] 52 
7 | 110] 6 | 160] 6 | 170|5] 20]5]) 70] 4) 180]3] 50] 3] 80 
Pitch Pitch Pitch Pitch | Pitch | Pitch | Pitch | Pitch 
6 a 8 9 10 It I2 I4 
aie ele lal2 12 i.e] Ss ela le 
me mcuieee (en ee hol eee t eiaielp Sie] mee spel ae 
+e me HR ed OA 
we) o| 3 |] 8 fs] 8 fo} 3 fol 3S Jel 3 fo] 3 
> ° > se) > ° > ° > ° > ° > ° > ° 
Bee be eee Waweld: 
2|124| 2] 49] 1 |193|1/ 149 |1| 114) 1} 86/1} 62]}1} 24 
2 | 48] 2] 098) z | 186]z} 98)1|} 28|21}272| 1] 124)1} 48 
2 |172) 2/147) 2)179/1) 47|2) 142}1} 58)1) 186}1| 72 
2 | 96] 2] 196) © |172|z]}196|1} 56)2| 144)1] 48] 1] 96 
2 20) 2| 45] 1 | 165 |x| 145 || 170|z| 30]/1} 110] 1| 120 
2 |144] 2| 94) 1] 158|2] 94/1} 84) 1} 116] 2] 272] 1) 144 
2} 68) 2) 743] 1 |} r5r}1| 43) 1) 198}1).  2)2} 34) 1] 168 
2 |192| 2| 192] r | 144] 1|192}1/ 112] 1} 88] xz}. 96] 1| 192 
PeEDON Ss AL |T | 125 | ni tAreT| 260) 274. | 5) F581 rh rO 
2 | 40/2] 90} £ | 130/12] go|1z|/140]1| 60]1} 20/1] 4o 
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TABLE FOR Cuttinc Racks on Crncrnnatr Miniinc MAcHINES 
(Continued) 


(Using the Cross Screw for Making Divisions) 


Pitch |Pitch}Pitch | Pitch| Pitch] Pitch] Pitch! Pitch| Pitch] Pitch! Pitch| Pitch 
18 


16 20 22 24 26 28 30 32 36 40 48 
wn n un n n n n an an n a 
ess) Bo) Slot Be ed ig ae oe 
ie} uel ue} ~ ue} ~ ue} ue} ~ ~ el ue} 
a a a a q a qa a a q q a 
G o a a 3 a a a a 3 a a 
3 3 3 3 3 3 3 3 3 3 3 3 
ie} [} ° ° fo} ie} ie} ° fo} ° ° fo} 
cs ot pal Bt ast aol ce) pet P= <q a p= 
al a & sal a al H & H a a H 
196 | 175] 157 | 143] 131 | 121 | 112] 105] 98] 87] 89] 65 


192 | 150] 114| 86] 62] 42] 24] 10] 196] 174] 158 | 130 


Directions.—For example: To cut a 16-pitch rack, adjust the 
work of the cutter and set the micrometer dial of cross screw to 
zero. For the next tooth turn the cross screw crank until the mi- 
crometer reads 196 thousandths; for the following tooth continue 
to turn until the reading is 192 thousandths; and so on until you 
reach the last number in the above table; then without moving the 
cross screw set the micrometer dial to zero, and commence over 
again, continuing as before. For cases in which one or more revolu- 
tions are required, make the number of revolutions and the neces- 
sary number of thousandths beyond for each tooth, as shown in the 
table. For example: To cut a 3-pitch rack. Adjust the work to 
the cutter and set the micrometer dial on the cross screw to zero. 
Then mill the first'tooth: For the next tooth, turn the cross screw 
crank through five complete revolutions, plus an additional amount 
until the micrometer dial reads 47 thousandths. When this tooth 
has been cut, index for the next tooth by turning the cross screw 
crank through five complete revolutions again and continue until 
the micrometer dial reads 94 thousandths. For the next spacing 
make five revolutions of the crank and continue around until the 
micrometer dial reads 141 thousandths, and so on. +4 
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TABLE Or Divistons CORRESPONDING TO GIVEN CIRCUMFERENTIAL 
DISTANCES 


This table gives approximate number of divisions and distances 
apart on circumference, corresponding to a known diameter of work. 
It is useful in milling-machine work in cutting mills, saws, ratchets, 
etc. : : 


DISTANCE ON CIRCUMFERENCE 


Be | tu] a” || a” | ae | at |e | a || ae [gar ar | a | 


Lal 


176) 88) 44] 29] 22|18}15| 13/11] 10] 9] 8| 7] 6 
200/100] 50] 34] 25] 20/17} 14/12]/1r} 10] g| 8| 7] 6 
226/113] 56] 38) 28] 23} 19]16|14|/13}11]} 10] 9] 8] 7 
251\r25| 63) 42) 31) 25] 21|18| 16} 14]; 12] 11/10] 9] 8 
277/138] 69] 46] 35] 28| 23] 20] 17/15 |14|13}/12] 10] 9 

9 

ro 


dS 
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oe 
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302/151] 75] 50] 38] 30] 25] 22] 19] 17) 15] 14]13) 12 
327/163) 82] 54] 41| 33) 27] 23] 20|18| 16] 15 |} 14] 12 
352/176] 88] 50] 44] 35 | 30] 25 | 22] 20] 18| 16] 15] 13] rz 
378/189] 94] 63] 47] 38] 31] 27] 24] 21] 19] 17|}16| 14) 12 
402]201/100] 67] 50| 40} 34] 29] 25] 22] 20] 18} 17] 15 | 13 
428}214]107] 71/53] 43] 36] 31| 27] 24] 2z| 19 | 18] 15] 13 
454/227/114| 76] 57] 45 | 38] 32] 28] 25 | 23] 22/19 | 16] 14 
478|239|119| 79| 60] 48] 40] 34 | 30] 27] 24] 22 | 20) 17] 15 
503/252|126| 84] 63]'50| 42] 36| 31 | 28| 25 | 23 | 21 | 18| 16 
528/264|132| 88] 66] 53| 44] 38 | 33 | 29 | 26] 24 | 22 | 19 | 16 
554/277/138| 92] 69] 55] 46] 40] 35 | 31 | 27 | 25 | 23 | 20) 17 
579|289|145| 96] 73| 58} 48] 41 | 36| 32 | 28| 20 | 24 | 21 | 18 
27/25 | 22) 19 
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mn 


n 
na 
ce) 
ESS 
w& 
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Lon! 
na 
Lal 
Leal 
fe} 
Ll 
~ 
On 
Ov 
Lal 
an 
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(e) 
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w 
fe} 


For example: A straddle mill, say, 5 inches in diameter, is to be 
cut with teeth ;4; apart. Without a table of this kind the workman 
will have to go to the trouble of multiplying the diameter by 3.1416 
and then divide by ;’s to find the number of teeth to set up for. In 
the table, under 7% and opposite 5, he can find at once the number 
of divisions, as 36. Where the table shows an odd number of teeth, 
one more or less can, of course, be taken if it is important to have 
even number of teeth. 
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TaBLe or Cutters, Pircars, Grars AND ANGLES FOR Twist 


DRiILys 
SE 
ee © 8 ¢ 
° 
be Ps 3 o 
o 8 o ~ ow 
eee | gee) £2 | be} oe | Spee 
eee) Cigale tee go pes Owe a5 0B, 
Aes BO P via oF EP Be Patel Goa 
4 0.08 | 1.12 24 86 40 | 100 19° 20/ 
as Oe TUM ae FO Poe 64 32 72 19° 25’ 
¢ 0.15 | 1.94 | 32 64 28 Fass on 
ts 0.19 | 2.92 24 64 56 2a Wie? 
: 0.23.|. 3.24 | 40 48 28 7 Deelah 
5 0.274! 3.80) |. 56 48 24 72 1) 20°10! 
3 O231 || 4.17 EPa6 72 48 64 | 20° 30’ 
Ps 0.35 | 4.86 | 4o 64 56 VR eso 
‘ 0.390 | 5.33 | 48 40 32 72 20° 12 
ié 0.44 | 6.12 56 40 28 64 Ig” 30 
3 0.50 | 6.48 | 56 48 40 72x 20° 
t 0.62 | 7.62 | 64 48 32 56 19° 50! 
I ON77 hk 8ro8 86 48 28 56 19° 20/ 


LarcEst SQUARES THAT CAN BE MiLLED on Rounp Stock 


iam, of | Decimal | Diam. of | Becimal | give of Nearest 
ree meer ae anna and Stock. se ka ’~| Square | Fraction 
t 125 088 | gs— |] Ins | 1.5625 | 1.105 | iq — 
+5 aL TS eeeSe $+ 13 1.625 | 1.149 | Ips — 
+250 177 | 44-— 144 | 1.6875 | 1.193 | tay + 
te | 3125 | 22 | y+ if x2 | x750 | 1.237 | de -+ 
4 375 -265 | 42 It} | 1.8125 | 1.282 | 13% 
ts | -4375 | -309 | #e— |] 1% | 1.875 |o1.326 | 144 — 
4 | 500 | .354 | #2— |] 148 | 1.9375 | 1.370 | 2 — 
ts | -5625| .308 | 48+ |i 2 2.000 | 1.414 | 143+ 
§ 625 442 | qe+ |} 2d | 2.0625] 3.458 | 12% + 
tt 6875 | .486 | 844 2h 2.125 | 1.502 | 14 + 
4 | +750 | .530 | 4$— |] 2g | 2.1875] 2.547 | 184 
4 | 8125 | 574 | #$— |] 24 | 2250 | x.5or | 149 — 
t 875 -619 g- 2s. 122.3825. || 1.638 s: 
48 | .9375 | .663 | #4+ |] 2¢ | 2.375 | 1.679 | 1484 
I 1.000 707 | t+ || ove | 2.4375 | 3.723 | ree + 
Ips | 7.0625 | .755 Fe Woe 2.500 | 1.768 | 149 + 
oe | trey 795 | $4— || 2% -|'2.5625 | 1.813 | 144 
Iz | 1-1875 | .840 | 2% — 23 2.625 | 1.856 | 132 — 
It | 1.250 884 | 3f— at 2.6875 | 1.900 tt - 
Ips | 1.3125 | .928 | 39+ 24 2.750 | 1.944 | 148 + 
T2)1//0.375 972 | $44 238 | 2.8125 | 1.989 | 193 + 
Tyg | 1.4375 | 1.016 | rg + 2% 2.875 | 2.033 | 2y45 + 
Hae \it.500. | mobe|imete 24% | 2.9375 | 2.077 | ag — 


Side of Largest Square = Dia. of Stock X 707 3 3-000 2.12% | 2% — 
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MILLING SIDE TEETH IN MILLING CUTTERS 


THE table gives the angle at which to set the dividing head of a 
miller when milling the side teeth in milling cutters. 


Miriinc Swe Trrete# in MILiinc Curters. 
Drvipinc HEAD 


ANGLE TO SET 


ANGLE or Cutter UsEp 


No. of is 
Teeth) 45° 50° 60° 65° 70° 75° 80! 

6 x gy | 425 2%,| go ssf | Sat an | 72033" 
7 43, 3 54 1 2 50° | 70 22 3 
8 32° 57/ | 54° 44’ | 62° 12’| 68° 30’ | 74° 28 | 79° 50’ 
9 »| 32° 58’ ® x5’. |.61- on || 66° 58” | 72° 13°°| 77° 00" |: 8x°.20’ 
Io | 43° 24' 2° 26’ | 65° 12’ | 7o° 12’ | 74° 40! | 78° 46’ | 82° 38’ 
12 61° 02’ | 70° 32 | 74° 23’ | 77° 52’ | 81° 06’ | 84° 00! 
bre 98 66° 10! osx’ | 77° or" | 70° 54’ | 82° 35’ | 85° 08! 

i 65° 5 69° 40! Teo ae The 52" | Bre oat 83° 37’ | 85° 40’ 
18 | 68° et 3° 4 if 7° 52’ | 80° 13’ | 82° 23’ | 84° 21’ | 86° 10’ 
20 | 71° eet me a rho se’ | 8x? xy! | Boon? |) 85° 0071036" 43’ 
22 | 72° 55, 75. 44 80° 14’ 82° 08! 83° 52/ 85° 20" 87° 02" 

° 

gee ieee, | Boom | tae |e S| Bas 
28 | 76° 40’ | 78° 58’ | 82° 26’ | 83° 53’ | 85° 14’ | 86° 20/ | 87° 42’ 
30 | 77° 44’ | 70° 43/ | 82° 57/ | 84° 18° | 85° 34° | 86° 44’ | 87° 5x) 
32 | 78°32’ | 80° 23’ | 83° 24’ | 84° go’ | 85° 51’ 86° 50! 87° 597 
3 79° 14’ | 80° 59’ | 83° 48’ | 85° 00! | 86° 06’ | 87° 08/ | 88° 07 
3 © st’ | 81° 20’ | 84° 09’ | 85° x7’ | 86° x9’ | 87° x7’ | 88° 13” 
38 | 80° 24’ | 81° 58’ | 84° 20’ | 85° 32’ | 86° 31’ | 87° 26’ | 88° 18” 
4o | 80°53’ |. 82° 22’ | 84° 45’ | 85° 46’ | 86° 42’ | 87° 34’ | 88° 24’ 
42 | 81° 20’ |, 82° 44’ | 85° 00” | 85° 58’ | 86° 51’ | 87° 4x’ | 88° 20! 


The table shows the angle to the nearest minute, but as‘an 
ordinary dividing head is not graduated to read in minutes, the 
nearest quarter degree is taken. 
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MILLING MACHINE ARBOR KEY STANDARDS 


Adopted by leading cutter manufacturers in 1925 as basis for 
Keyways in milling cutters. The Keys are square with a radius 
on the projecting corners as given in table. Depth is taken from 
arbor diameter, not from side of Keyway. 


Diam\vot Arbor. 51). . pee Tin. {tt |r} -Ir3 V2 24 24 24 
Size Of Sq. Key) a 8 1 in, 18 5, 16 A cB 3 ¢ 
Depth-D Je een oe az [ie | ar] 4 | as | 33 ees 
Radius-R. 0. bciemarensinl nS eine te ees | oe | ee aie 
CENTER REAMER 
DIAMETER OF STRADDLE MILL FOR FLUTING (3 FLUTES) 
ee ee 
Outside Outside 
Size of Reamer Dia. of Size of Reamer Dia. of 
Cutter Cutter 
4 cut 2h 2” cut 3h 
2” cut 22 ¥” cut 3t 
4” cut 3 1” cut 4 
2” cut 3t 
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MILLING CUTTER, REAMER AND TAP FLUTES 


Tue following tables give the number of teeth or flutes suitable 
for milling in various types of cutters, reamers, taps, etc., and also 
show the forms of fluting cutters used. 


Enp Mirts 
(Dimensions in Inches) 


Diam. Mill 
SESS 
4_16 
3. 9 
8 16 
5_13 
8 16 


STRAIGHT AND SPIRAL TEETH 


Fae Diam. Mill 
5 $-Ii6 
6 14-175 
7 Ig-1Z 


SHELL END MILLS; STRAIGHT OR 
SPIRAL TEETH 


INSERTED T 
Pi & 


OOTH CUTTERS, 
W. Form 


a 5 No. . No. 
Diam. Mill Teeth Diam, Cutter ialades 

4 8 

5 9 

6 Io 

bi 12 

Iq IA 8 13 

14-24 16 IO 16 

225-3 18 12 18 

METAL-SLITTING CUTTERS 
Diam. No. : Diam. No. - 

Cutter | Teeth Pitch Cutter Teeth Pitch 

ag 72 é 23 31 a 

24 60 8 3 3° 16 

4 go 4 34 os 

5 38 32 

6 42 ae 

7 48 $4 

8 55 ét 
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PLain Mitiinc Cutters FLuTING CUTTERS 


Diam. of Cutter in Inches | No. of Teeth 


2% 37% inclusive 16 

3%- 47% inclusive 18 

43- 47@ inclusive 20 

5 — 54% inclusive 22 

6 — 74 inclusive 24 

8 — 842 inclusive 26 

9 — 93% inclusive 28 

10 —1048 inclusive 30 Form of Cutter for Mill- 
II ~11}¢ inclusive 2 ing Teeth in Plain Mill- 
12 —124% inclusive 36 ing Cutters. 


Plain cutters of $-inch face and over are generally made with 
spiral teeth. The 12-degree angle on side of fluting cutter gives 
ample clearance for cutting spiral grooves with the 12-degree face 
set on the center line of the work. 


SIDE OR STRADDLE MILLS 


Diam. of Cutter in Inches | No. of Teeth A 

2 — 275 inclusive 14 

23— 24% inclusive 16 

3 — 375 inclusive 18 

32- 32% inclusive 20 

4 — 44% inclusive 22 

5 - 538 inclusive 24 

— 638 in i 

7 zis rane a Angular Cutter for Mill- 
8 —ro28 inclusive 30 ing Teeth in Straddle 
II —124@ inclusive 32 Milling Cutters. 


When face of side mill is more than 12 inches, teeth are milled 
spiral at an angle of r2 degrees and with the same number of 
teeth as the plain milling cutter. 

For milling teeth on periphery of straddle mills use angular cutter 
with 60-degree angle at A; for milling teeth on sides of cutters use 
7°-, 75- or 80-degree cutter according to number of teeth in cutter 
to be milled. 


el ee Tochca |\ No. of Teet 
A O=roee 
2 ‘ 4 45°50,60, 
32 0 o' 
4 & 13 70 él 
2% ar 12 
24 is 12 
24 33 II 
2% - It 
2¢ is Io 
3) & Io 
34 16 Io 
34 % Io 
32 16 Io 
32 3 Io 
34 t6 IO 
34 i 10 
CONCAVE AND CONVEX CUTTERS 
; 3 05 
in Tches | ta'taches | No- of Teeth 
é: 8, 14 
a 16 13 
B z 13 B A 
24 ie 12 
24 3 I2 
24 is II 
24 z II 
24 - Io 
3 z 10 
34 t Io 
3t I Io 
4 1g Io 
4 1t Io 
4% 12 Io 
i 1} Io 
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CorNER ROUNDING CUTTERS 


393 
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ANGULAR CUTTERS 


Diam. of Cutter No. on 
in Inches Teeth 

PL ee er ey (eh eR MME TTA IE rs, eT) 

BF alte ce anes ot a 18 

BY. da BAM oe Siem oo o> «ofl so cee ae 20 

BR RARE accldue yas a oh sv +E <n ect 22 


Diam. of Cutter No. of 
in Inches Teeth 

DD eM SMO: ere 16 

2G io: CUI ilo bhi acs SE ae ee 18 

32 05, Rs cco, co = Ree ee eee 22 


Cutters for spiral mills are made same diameter as angular 
cutters and have same number of teeth. 


TAPER REAMERS (B. & S. TAPER) 


No. of Taper Flutes 
Tis. coc) pee Ste pp pa eee hale Ec ae eee Ce 6 
Far aee rns bpbe ruggrcnreonipelne Srvseeonea en ceghace cele REA 8 

TOTES & 2: sisrovteiaxeophcjauie bal areegelt seis) cease RANE ae ee Io 
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CorRNER ROUNDING CUTTERS FLUTING CUTTERS 
Diam. Cutter ; 
in Inches Rad. Circle No. Teeth 
45°, 50°, 60°, 
70°, 80° 
2 iss 16 
1 f vats! 
rin a4 2 
2432 is 8 Io 
34 164 8 


CONCAVE AND CONVEX CUTTERS 


Diam. Cutter | Diam. Circle 
in Inches in Inches No. Teeth 
Angular Cutter for Mill- 
2 on 16 ing Teeth in Corner 
at Ph I2 Rounding, Concave and 
234-4 is-14 Io Convex Cutters. 


ANGULAR CUTTERS 


Diam. of Cutter No. of 
in Inches Teeth 
ay 20 B. 
2? 20 
3 20 


DovusLe-ANGLE CUTTERS 


Diam. of Cutter No. of 
in Inches Teeth 
23-3 20 


CurTERS FOR SPIRAL MILLS 
| Cuttenstor i illingLeeth, 
Diam. offCatt Nouoe in Angular Cutters, 
Sitchin | Teeth Double Angle Cutters 
paneer ee gs le ee ad Cutters. for Spiral 
Mills. To cut Teeth on 


2k 20 side A of this Cutter use 
24 20 60° Cutter. To cut side 
3 20 B use 70°%~75° Cutter. 
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Hanp Taps TAP-FLUTING CUTTER 
Diam. of Tap No. 
in Inches Flutes 


ie tO 1} 4 
1% to 22 6 

3 to 4 8 

3 to 4 mm 3 
5 to 44 mm. 4 
46 to 50 mm. 6 


MAcHINE ScREwW Taps 


Diam. of Tap No. 
in Inches Flutes 
No. 1 to 7 3 
No. 8 to 30 4 
TAPPER Taps | 
Diam. of Tap No. | 
in Inches Flutes | 
With 
fae 3 3 Flutes in Tap, B = ¢ Dia. Tap | 
peaask 4 4 Flutes in Tap, B = 4 Dia. Tap _ 
2-24 6 5 Flutes in Tap, B = 3} Dia. Tap 
6 Flutes in Tap, B = Ev Dia. Tap 
WaScinn GD IN Le | 7 Hlutesiin Tap, B= ee Dretap aan 
Macuine orn Nur Tars 8 Flutes in Tap, B = 2. Dia. Tap 
Diam. of Tap No. 
in Inches Flutes 
With 
Tes 4 3 Flutes in Tap, E = & Dia. Tap 
Tie -235 5 4 Flutes in Tap, E = 3 Dia. Tap 
23-31% 6 5 Flutes in Tap, E = ¢? Dia. Tap 
3i-4 7 6 Flutes in Tap, H = 4} Dia. Tap 
7 Flutes in Tap, E = gy Dia. Tap 
8 Flutes in Tap, E = g% Dia. Tap 


Screw-MacuiIne Taps 
[ios SRE an By shay ee a ae 


Diam. of Tap No. 
in Inches Flutes 
In milling taps with the convex 
7 to 1} 4 cutter the cutter must be central 
Iz to 2 6 with the tap. 


e—OoO. —qaqaqas————q—aaeeeee 
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(Dimensions in Inches) 


TAPER Pipe Taps Tap FLuTING CUTTERS 


Diam. of Tap | No. of Flutes 


nik 


H 
nh 


H 
3 
cous, | Re Tt 


bie 


= 


w 
‘ 
aN 
Lal 
HO CONIUAA 


STRAIGHT PipE Taps 


Diam. of Tap | No. of Flutes 


Pi <4 
ata 5 B 
12 5 Cutter A is a regular tap fluting cutter 
2 7 Bu PD Bree 
1 that may be used if preferred for flutin 
25 8 : As 8 
g: any kind of tap in place of convex 
oa es cutter B. 
2 
Pipe Hoss 
Hos 
FLUTING 
Diam. No. Diam. No. Diam. No. CuTTER 
Hob Flutes Hob Flutes Hob Flutes 
$ 5 I 12 at 24 
+ 6 1} 14 3 28 
3 8 13 16 33 34 
z 8 2 18 4 38 
i 0 43 46 
SELLERS Hogs Hogs Taps 
Diam. No. Diam. No. Diam No. 
Hobs | Flutes Hobs Flutes Hobs Flutes 
4 sin 5 L at 3 = ge ee $ 
oY NR es abe a an ie cae 2 
ie F 8 1g-28 14 18” 84 8 In fluting 
té 5 9 2 TS 16 64 9 lhobs leave 
oe tt 10 2% 16 I ~§¢| 10 Jland #5 inch 
Ly alee II 2% 18 te ee II lwide on top. 
‘ r4 —143 I2 
4 2 ae 
12-143 | 13 
( | Ig -2 I4 
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SHELL REAMERS 
(Dimensions in Inches) 


Diam. of No. of Diam. of No. of Diam. of No. of 
Reamer Flutes Reamer Flutes Reamer Flutes 
Joopd 5.23 a2 he 
4-32 6 3-132 10 246~ 235 14 
7 8 1-295 12 2k -4 16 


Taper of hole in shell reamers is § inch per foot. 


CuTTERS FOR FLuTING REAMERS 
(Dimensions in Inches) 


Diam. of | R = Radius |} Diam. of] R = Radius 
Reamer of Corner Reamer | of Corner 
113 1 1 1 
8-16 ° Ig Ie 16 
1_3 oe |e} 29 71 5 
48 64 16 24 64 
as 32 276-3 16 
a 3 
aI et 
| 
t 
A = Am't : A = Am't 
Diam Cutting Diam Cutting 
fo) dge is of Edge is | 
Reamer Ahead of Reamer | Ahead of 
Center Center 
z ©.O1L Iz 0.006 
3 ©.016 12 0.076 | 
¥ 0.022 2 ¢.087 
3 0.027 2t ©.098 | 
A 0.033 23 ©. 109 | 
i 0.038 23 0.120 | 
it 0.044 3 0.131 | 
1% 0.055 


The type of cutter shown may be used for all classes of reamers’ 
except rose reamers. 


Straight Teeth Spiral Teeth 
Diam. No. of Diam. No. of 
in Inches Teeth in Inches Teeth 
dads 6 de 143. 6 
a Ue ae 
Srtieepieeter erie ees tna Ve! LF al iel ee 8 Bg ltée 8 
I}-2 Io 
END MILLS—COARSE TOOTH 
Spiral Teeth Only 
_ Diam. No. of 
in Inches Teeth 
MB OMOLEA EM ahs 2 Tea Rechice cb Mess a: 4 
toy BP Beet RS a ato Meat Mice ke d= SRS 6 
ERS Gs SU ite ag 3.2 ca Se ae Se el 8 
STRAIGHT SHANK END MILLS 
Diam. No. of 
in Inches Teeth 
igaetoude, (Straight teeth i custome ate skeet 6 
RRCOMT(SPITAL CECLE aati. veg cite came +35 epee eS ce 6 
SHELL END MILLS—REGULAR 
Straight or Spiral Teeth 
Diam. No. of 
in Inches Teeth 
Te IN CIUSTVES MAOH oaks - she cosa. cence v PRN ORR El ote 8 
be Orie ICUS Ess. io tit a cleainid ane ogele ela Beucre ate Io 
GA OAK INCIUST VE: 9s Me hse ME Halk ase ef ee ares 12 
Ag=3\ WIGHUSI VE as tye tee Gis te RBS ok Gis cued ee get 14 
SHELL END MILLS—COARSE TOOTH 
Diam. \ No. of 
in Inches Teeth 
23-33 Be fae Sea ee, a Re Ow 8 
IDET Digenin ls t- a tennis tee, weiss #6 lee oe te ale wlsiej slo gub se se Io 
RO cc sone crcsvateir nish: Tater wheres aie cs sinvepenae mapas a 12 
MeEtat-Siittinc Saws 
Thickness, gy, oz, 16) 32) 8 32 and 7% 
Diam. | No. of _ Diam. No. of Diam. No. of 
in Inches. . Teeth in Inches Teeth in Inches Teeth 
2-275 24 4-475 | 36 7-738 44 
29-216 28 5-516 40 8-85¢ 46 
3\ +36 30 6-65 42 
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Brown & SHARPE STANDARDS FOR MILLING CUTTERS 
END’ MILLS—STANDARD 
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Use 75 “Angular 
Cutter for End 


Use 80 Angular 
= Cutter tor Flutes 


Depth of Groove = fp to 4g Diam" 


Rose CHUCKING REAMERS 
a EEE eee 


i} se} 
| fs 
Diam. of Reamer - No. of Diam, of Reamer | (° No. of 
in Inches On Flutes in Inches Oo» Flutes 
63 63 
ZO ZO 
a- 5 6 6 13-233 12 I2 
3-1} 8 2-23 14 I4 
17-1 Io 10 213-3 16 16 | 


NUMBER OF END CUTS SAME AS NUMBER OF FLUTES 


TapEeR REAMERS 
oo 


Morse TAarPeR B. & S. Tarer JARNO TAPER 
68 63 63 
No. of Taper 63 No. of Taper os No. of Taper 6B 
Ary Ac Ae || 
I : 
o-I 6 I-6 6 
2-4 8 7rIl 8 2-5 6 | 
5 Io I2-14 se) 6-12 8 I 
6 I4 I5-18 14 13=17 to | 
i] 16 18-20 12 Rl 
ee ee eae 
‘ 
Gn Lk a,s 0 fi bee ee ee 
TAPER Pin REAMERS Locomotive TAPER REAMERS 
fe 
No. of Diam. of Reamer No. of 
No. of Reamer Flutes in Inches Flutes 


pnt 
| 
| 


©000-00 6 Iz 6 
(Saralely 5 175-144 8 
6- 8 6 Ij-2 7 20 
9-10 7 

II-13 8 
14 Bae) i 


2 SS 
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SIZES OF SCREW-SLOTTING CUTTERS 


Screw-slotting cutters are used for slotting the heads of screws 
and for various operations where a shallow slot is required. 

The cutters are not ground on the sides. 

Screw-slotting cutters Nos. 5 to 14 gage have a standard square 
keyway; Nos. 15 to 34 gage have no keyway. 


Thickness Thickness Diam. Carbon |High-speed 


of Cutter, of Cutter of se eet Steel, Steel, 
American in Cutter Te th Size Hole | Size Hole 
Wire Gage Decimals | in Inches ee in Inches | in Inches 


5 Ontg2 | 2a 72 
6 0.162 23 72 I I 
7 0.144 | 23 72 I I 
8 0.128 23 72 $1 I 
9 O.114 24 72 Sr I 
10 0.102 23 72 3.1 I 
TE 0.091 23 72 aL I 
12 0,081 22 72 aor I 
13 0,072 24 72 21 I 
14 0.064 | 2% 72 me oe: I 
15 0.057 | 2% 72 2) 8) @ I I 
16 0.051 23 72 te ie I 
17 0.045 | 23 72 3,8) 4) 1 I 
18 0.040 | 23 72 Pe a I 
19 0.035 | 2% 2 Phen th i I 
20 0.032 23 72 4,3,3,1 I 
21 0.028 22 72 ¥,.2> 3, 1 I 
22 0.025 22! 72 Sees Gy I 
23 0.023 | 22| 3 72 3,3, % 1 I 
24 0.020 221 Ay 2 4,3,.2, 2 I 
25 0.018 | 29) “= 72 Frty, tn a 
. 26 0.016 | 22 72 Sol 
27 0.014 | 22 72 31 
28 0.012 23 72 2 od 
30 0.010 | 22 72 31 
32 0.008 | 22 72 3,1 
34 0.006 | 22 72 $1 
IO o.102 | 22 60 § 
Ir 0.091 2% 60 3 
12 0.081 at 60 3 
13 0.072 2k 60 3 
4 14 0.064 ai 60 3 
15 0.057 ai 60 3 
16 2.0.05 at 60 3 
- 17 ©.045 at 60 2 
‘ 18 0.040 | 2t 60 3 
; 19 0.035 ai 60 3 
20 0.032) | 24 60 $ 
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Pee Thickness Diameter Size Number 

American _of Cutter of Cutter _of Hole of 

Wire Gage | Decimals in Inches in Inches Teeth 
21 0.028 at 5 rae 
22 | 0.025 | at i a 
23 One ay ce 60 
24 0.020 ot Hy 60 
25 0.018 Dy les, 8 as 
26 ©°.016 at y 8 6a 
27 0.014 Pele ie & 60 
28 0.012 ai 5 ie 
3° 0.010 2h S 60 
32 0.008 ai $ a 
34 0,006 ai & bo 
14 0.064 12 iS 90 
75 0.057 2 8 6b 
16 0.051 13 a go 
17 0.045 3 u 90 
18 0,040 13 8 90 
Ae) 07035) Ij A 90 
20 0.032 12 a 90 
21 0,028 a1 5 90 
22 0.025 12 ia 3 90 
23 0.023 3 5 90 
z4 AES It 48 2; a 9° 
25 0.018 13 3,8 90 | 
20 0.016 a 2,8 90 
tf On, Okd t 3,8 go 
28 0.012 12 3,8 go 
3° 0,010 12 ate 90 
32 0.008 12 es 90 
34 0.006 13 2,8 90 


CUTTING SPEEDS FOR COLD SAW CUTTING-OFF 
MACHINES 


The table on page 313 shows the practice of the Brown & Sharpe 
Mfg. Co. The semi-high speed stell is used for soft steel but high 
speed is recommended for cutting tool steel. A good lard cutting 
oil is preferred though it can be dark colored and more impure than 
for screw machines. 


3t3 


COLD SAWS 


aaId 200 BO IND 
0} ‘uly ‘xoiddy 


S6-Z gor'o | of PIII | gzzo S64 Loto | of 
S62 giro | of vr'Ir | oSz'o S6-Z LS€-0 | oS 
S6°2 gzro | of PIII | ogzo S6-L IIv'o | oS 
89°8 gtro | of S1-zz | 60€0 89°8 toro |} of 
89°83 €Sr°o | oS Gren. 4) S£Eo. 89°38 oSo | of 
Ig‘Or | ggt‘o | of Sgvxr | 99f-0 19°01 SS?On OS) 
Igor | gZ1‘o | OS Serr | Pgf:o Igor | ggSo | of 
Igor | S610 | of Sg-rr | 6oto Igor | zvgo | of 
IQ‘OI | Orzo | OS Sg-rr | trbo 19°01 gg'o | oS 
6-11 | sS2z-0 | oS 1L'g1 | ggbo €6°11 oL'o | of 
£6'rr | o§z-o | of 1Z‘g1 | ooS'o 611 | oSL'o | of 
£611 |-o8z-0 | of tL-91 | SSS:o €61r | €Ego | oS 
€6"1r | ozo | oS IL*9I | 99970 £6°11 ggo | of 
ge | By |eo| Z| oF | 22 | ee |vo| ez] op] pe | pa | go 
ze | ta [me | fF | ot] ge | fe [Sb | 22] a8 | ge | Be [te 
i ey ee DL oo BR a n g 3 an a BS pe 4s. be) iz eee 
ee | 28 (33 |e5 | 88] Be | BS [evil ge | 98] BE) SF les 
Bo = me | 4 5 Be =: ae | 4 @ 5 BS 5 ue 
" Fn 5 deal ap or Ey 2S LPR 8 Ee 2 
Be. 8 i} BS 8 5 Bo: 
[99g Joo, paeds-ysry 19938 [OOL, [223g OS pue ArsupSe YY 


aivg UL 4I@2L, 
jo zoquinyy 
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314 SPEEDS FOR SAWS 


The experience of this company has led to the adoption of the saw 
tooth shown herewith. ‘This allows a slower speed and coarser feed 
than finer teeth, and cuts stock more easily and quickly. 


Space 1¢’/Space 
“Radius =\% Space 


KSW 


Section of Out 


Newton (Consolidated) Works recommend a high speed and light 
feed for stell low in carbon and manganese to keep the chip thin as 
possible. Up to 35-point carbon use 60 to 65 feet per minute for 
solid blades. From 35 to 50-point carbon, 55 to 60 feet per minute 


and less feed. Above s0-point carbon use inserted tooth saws. With | 


inserted tooth saws speeds can be from 50 to 80 feet per minute 
on 50 to 70-point carbon, but only on heavy, rigid machines. For 
cutting sprues in steel foundries a solid tooth saw with a speed 
of 55 feet per minute and a feed of } to 3 inch per minute is recom- 
mended. 

The work should be flooded at all times with any good cutting 
compound which does not rust. i 


Hack Saws (Starret) 


Hack saws for use in hand frames vary from 6 to 12 inches in 
length and from 18 to 32 teeth per inch in most cases. They 
are usually 7’ or 3 inch wide and 0.025 inch thick. Saws for 
use in power machines are made from ro to 24 inches long and 
with from 8 to 24 teeth per inch. They are from & to x inch wide 
and from 0.030 to 0.065 inch thick. Some have stiff backs, while 
others are made flexible. 

For general use in hand frames, makers recommend 18 teeth per 
inch. For tubing and thin metals, 24 to 32 teeth per inch. Saws 
for use in power machines vary in the same way and with the 
speed and size of machine. 

Power-machine saws should run about so strokes per minute 
dry or from 65 to 100 strokes with compound. Too much weight 
dulls a new saw quickly. Use fine saws for pipes, tubes, thin 
metal, brass, copper or very hard steel. 

Saw length usually means distance between holes. 


OS a Oe ee rr 


ARARADADAADOARAMACAAM 
TOMO qT 


2 SUIYOVU padj BAT}ISOd 10 AjIAvIS AACA = C SUIVOeU paaj APIAVIS Ie[NZaYy = O poods Mo[s—poeoj Aptavis yysIT = g 
eqn} 1oddoo pur ssviq ‘sedeys [eInjoniy¢ gI-VI gro'o a gi 
JoJOWIIP SoyoUuT Z UY} OIOUI IO *B QI JepuN you ‘aqny sseiq pue Jeddoo ‘edid uo1y | FI-ZI | zfo"o 4 gr 
I9JOUICIP SOYOUL Z IOAO IO “3 QI JopunN you ‘aqny sseiq pue Joddoo ‘edid uo1y | FI-zI | gzo'o & gi 
sjejou prey pue [9eqs Jooy, | Li-z1 | zyo'o z VI 
sodeys [emyonijs pue odtg | gI—LI | $90°0 g bi 
plos sserq pur 1eddoo ‘uost yseo ‘WoIt yYBNOIM ‘Joo}s [004 ‘JapuN sayout ¢ Yooys BuryynD | Vr-z1 | zvo'o 4 VI 
POs sseiq pue 10ddod ‘uost 4S¥d ‘UOIT JYBNOIM ‘9948 [OO} ‘IaAO seyoul Z Joos Buryyng | oz—zI | z£o0'o 4 VI 
pros ssviq pue toddoo ‘vos 4s¥o ‘WOT ZYSNOIM ‘[99}s JOO} ‘1apuN seyourl Z YoOys BulyynD | gI—-O1 | Bzo-o + vr 
s[ejou piey pue [ee3s Joo, | vz—o1 | gyo'o I ZI 
OZUOIG ‘[99}S VUTYOeUT UOT 4SeDQ | gI-v1 | goo I ZI 
n ezuoIg ‘[90}s SUIYOU UOIT sed | BI—OI | gvo"o 4 ios 
<) Soyour z Iepun 4yeYys pue [9048 Poyjor pjod | Of—-gr | Sg0°o 41 or 
n a SOUL Z I9AO 4yeYys pue 9038 PeT[oL plod | gi—41 | gvo'o qr or 
= aS qyeys pue [eeqs peT[or plod | Vz—-o1 gvo°o I or 
ezuoiq ‘Jea4S ouTyORUT ‘UOT Sed | zE—-VI | S90°0 I or 
< FQ azuorg ‘[e03s ouTyOeM ‘uoIT ysed | LI-o1 | gvo'o 4 OL 
22) 4 SoyoUl z Jopun BulzyeYs IO [903s pay[ol pjog | vze-c1 | gvo-o <1 8 
Mw soyoul Z Iapun Buryyeys Io [9e4s pe][or plod | Zf—-LI | $90°0 I 8 
O x SOYOUI Z IOAO BurjyeYS IO [9048 payfor plod | "e-z1 | gvo-o e 8 
=< f seyour Z I9AO Bulzyeys IO [904s peyfor pjod | ve-z1 | gvo-o qi 9 
fa M 4yeys pUe [9048 PaT[OL Pjoo ozis es1eT | gI—-LI | $90°0 $1 v 
iS) ; 
WII} [BOUT UIY pue OI ‘[eJour yooys ‘BurIqny sseiq pue teddoo wiyy, | II-g $z0'o g ze 
, Tejour yooys “3 gI—9I 
‘WII] [eJOW [PINJoNI}s 4ST] X ‘Bursvo ‘Je por merp ‘saddoo “gO ‘oedid yysnorm ‘suiqny | I1-g $zo°o ¥ ve 
asodind [er1oues ‘sadeys [einjonsjs yYST] ‘syejow prey ‘[9e9s TOOT, | £1-g $z0'0 ¢ gi 
Y}00} QI ULY} [vIIEyeUI IoIAvayy | VI-cI | $zo0°o aE gt 
soded seqy ‘1aqqni prey ‘wnurunye ‘ezuoIq ‘[9948 4JOS ‘[90}S PeT]OL pjoo ‘wor yseQ | £1-g gzo°o ae VI 
ee a a ee eee 
soyouy | Seyouy | SUSUT | pasa 7 
qng 07 TeMezeyy ur utr ur “ON 
yysueT| AIL | SPIM 


Sa€adV1d MVS AOVH 


IaVHD AAqVIg MVS-HOV]T 


This table helps to select the proper blade for practically all 


‘hack-saw work. 


TURNING AND BORING 


THE accompanying table is a ready means of figuring machine 
time on turned, bored or faced work. 

The ordinary method employed is to ascertain the number of feet 
in the circumference of the piece by multiplying the diameter in 
inches by 3.1416 and dividing by 12. The next step consists of 
dividing the length by the feed used, which gives the entire number 
of revolutions the piece must make. 


CoNSTANTS FoR CuTTinc Timer, IN Minutes 


FEED IN 


Tncues CuTTING SPEED 


Two Cuts at | 15 Feet | 18 Feet | 20 Feet | 25 Feet | 30 Feet | 35 Feet | 40 Feet 


I-64 1-32 1.676 1.306 1.257 1.005 0.8378 | 0.7181 | 0.6281 
I-32 1-16 0.8378 | 0.6981 | 0.6283 | 0.5027 | 0.4189 | 0.3590 | 0.3141 
I-16 9) 3=18 0.4189 | 0.3491 | 0.3142 | 0.2513 | 0.2004 | 9.17905 | 0.1570 
-8 14 0.2094 | 0.1745 | 90-1571 | 0.1257 | 0.1047 | 0.0898 | 0.0785 
One Cut at 


1-64 I.117 0.9308 | 0.8378 | 0.6702 | 0.5585 | 0.4787 | 0.4189 
1-32 0.5585 | 0.4654 | 0.4189 | 0.3351 | 0.2703 | 0.2304 | 0.2004 
1-16 ©.2792 | 0.2327 | 0.2094 | 0.1676 | 0.1396 | 0.1197 | 0.1047 
- 8 0.1396 | 0.1164 | 0.1047 | 0.0838 | 0.0698 | 0.0598 | 0.0524 
1-4 0.0698 | 0.0582 | 0.0524 | 0.0419 | 0.0349 | 0.0209 | 0.0262 


Two Cuts at | 45 Feet | 50 Feet | 60 Feet | 70 Feet | 80 Feet | 90 Feet |100 Feet 


I-64 1-32 0.5581 | 0.5027 | 0.4189 | 0.3590 | 0.3142 | 0.2703 | 0.2513 
I-32 ° 1-16 0.2793 | 0.2513 | 0.2004 | 9.17905 | 0.1571 | 0.1396 | 0.1257 
1-16 1- 8 0.1396 | 0.1257 | 0.1047 | 0.0898 | 0.0785 | 0.0698 | 0.0628 
8 1-4 0.0698 | 0.0683 | 0.0524 | 9.0449 | 0.0303 | 0.0349 | 0.0314 
One Cut at 


1-64 0.3723 | 0.3351 | 0.2793 | 0.2304 | 0.20094 | 0.1852 | 0.1676 
I-32 0.1862 | 0.1676 | 0.1396 | o.1197 | 0.1047 | 0.0931 | 0.0838 
1-16 0.0931 | 0.0838 | 0.0698 | 0.0598 | 0.0524 | 0.0465 | 0.0419 
1-8 0.0465 | 0.0419 | 0.0349 | 9.0299 | 0.0262 | 0.0233 | 0.0209 
"4 0.0233 | 0.0209 | 0.0175 | 0.0150 | 0.0135 | 0.0116 | 0.0105 


Having the circumference in feet and the number of revolutions, 


it is necessary to multiply them to find the entire number of feet 
traveled. Dividing this result by the speed of cut in feet per minute 
will give the actual cutting time in minutes. 
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The figuring is not complicated in any way, but it has the disad- 
vantage of taking too much time. It can be resolved into the 
following formula: 


Diameter X 3.1416 X length in inches 
12 X speed X feed in inches 


The known factors in the case can be resolved into a constant 
which is directly dependent on the feed-and speed; hence, a table 
covering a wide range of speeds and feeds is necessary for their 
proper use. 

One part of the table gives constants for two cuts at ¢@g-inch and 
33-inch feed, up to 3-inch and 4-inch feed, at any speed from 15 feet 
to too feet per minute. ‘The rest of the table gives constants for 


= Time in minutes. 


one cut at ¢y-inch up to and including }-inch feed, also at any speed 


from 15 feet to 100 feet per minute. 

A typical computation is as follows: 

A piece 4 inches in diameter, 10 inches long, is turned with two 
cuts at #s-inch and 4-inch feed, each with a cutting speed of 20 feet 
per minute. Diameter X length in inches X constant = time in 
minutes. 4 X 10 X 0.6283 = 26 minutes. 

If, for the purpose of accuracy it is thought advisable, in connec- 
tion with these two cuts, to run another cut over, the constant 
0.6283 is added to a constant for the third feed used. If this feed is 
éz-inch, then we have 0.6283 -- 0.8378 = 1.4661, the constant for 
three cuts, one of 7g-inch, one of 73-inch, and one of ¢z-inch feed. 


TABLE Has WIDE APPLICATIONS 


There is hardly a combination of feeds and speeds that it is not 
possible to secure by inspection from the table. By interpolation 
an added number can be secured. 

The table can be adapted, on account of its wide range, to the 
known individual performance of any lathe or boring mill in the 
shop. No slide rule or any special operations are necessary to 
secure the desired results, merely a knowledge of multiplication. 

For flange facing it is possible to use the table with the same ease 
as for boring and turning by figuring on the main diameter. 


Rorary CuTTING SPEEDS 


An easy method of calculating the cutting speed of a lathe tool 
or milling cutter is to divide the number of revolutions by 4 and 
multiply by the diameter in inches. This gives the cutting speed 


in feet per minute. Dividing 3.1416 by 12 gives .262 and .25 is very 
close after allowing for belt slip. 


Let D = diam. of work, cutter or boring bar. 
WN = revolutions per minute. 
C = cutting speed in feet per minute. 


PA N. ~4XC, ~4XC, 
es a = Di V 
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Figuring Turning Speeds 


A short-cut rule for quick mental calculation of turning speeds 
on a lathe or boring mill is: Multiply one-half the revolutions (per 
minute) by half the diameter (in inches). Add x for every 25 in 
the product. The result is the cutting speed in feet per minute. 

Example: What is the cutting speed on a 1}4-inch diameter at 
400 revolutions per minute? 

Solution: 200 X 34 = 150; 150+ 25 = 6; 150+ 6= 156. feet 
per minute. 

Frequently the following statement of the same formula is 
more convenient, as it avoids dividing the diameter, which some- 
times makes a troublesome fraction: Multiply one-quarter the 
revolutions (per minute) by the diameter (in inches). Add 4 
for every 25 in the product. The result is the cutting speed in. 
feet per minute. : | 

Example: What is the cutting speed on a 1}-inch diameter at 
440 feet per minute? 

Solution: 110 K 9% = 124; 124+ 25 = 5; 124+ 5 = 129 feet 
per minute. 

To see how closely this “rule of thumb” formula approximates 
the theoretical formula in accuracy, reduce both to similar terms 
in the latter example: 

Practical formula: 14 & 440 X % & 1145, or 440 (revolutions) 
X % (diameter) X 0.260. 

Theoretical formula: 3.1416 X 440 X % X Ma, or 440 (revo-| 
lutions) X % (diameter) X 0.262. 

This comparison shows that, when both formulas are reduced | 
to similar terms, the discrepancy between the ‘‘constants”’ is only | 
the difference between 0.260 and 0.262. This difference represents | 
the amount of error, which is usually so much less than the error in | 
roughly measuring the diameter or the revolutions per minute | 
that it is negligible. Tables on pages 319 to 323 will save time. | 


Latue Toor TEsts 
\ 


In testing steels for lathe and similar tools.it has become custom-| 
ary to use standard material, speeds, feeds and depth of cut. In) 
some cases tools are run until they break down, in others they are) 
passed if they stand up for a specified time. A 20-point carbon 
steel is often selected and cuts } inch deep with #5 to § inch feed at 
cutting speeds of from 60 to go feet per minute. 

The U. S. Navy Department specifies that a #-inch lathe tool 
shall stand up for 20 minutes with a 3%;-inch cut and 74-inch feed at 
60 feet per minute without regrinding; the material:must be at least 
80,000-lb. tensile, and 50,000-lb. elastic limit with a 25 per cent. 
elongation in 2inches. The steel is annealed before the test. 


CUTTING TIME 319 


Tre ReQurreD FOR Toot To TraveLt OnE INcH 
When Feed is 1-100 Inch per Revolution 


Surface Speed per Minute 


Dia. 
Enches 20 25 30 35 40 45 50 60 
M. §.| M. S.| M. S.| M. S.|M. S.| M. S.| M. S./| M. S. 
Y Cn.) 0) 1641.0, 453. OIE] 0 0-1 —0-—o 7-0 a OY 7 
46 O 25 | O° 20;| 0-17 )| 0" sgc | 013" 0 -1T“|--O- 208]! 0), 9 
& O39 0-23) lO 19. O¢ DART O..£5).}}. .0...13,,]) O.-.12 | f.0), 10 
Yeo 0 34] 6 27)| 0° 23!) o 10} O° 17)| O35 || O° 4) oO 12 
14 0 39 oO 31 0°26 ||" ""O" 227 | 0" 207] O17 0» 16-|¢-O--33 
Me 0 44] © 35| 0 29] o 25] oO 22] © 19] © 18] Oo 15 
5% 0 49 0 39 O32 Oo 28 0 25 0 22 Oo 20 o 16 
1M%6 | 0 54| © 43| 0 36] 0 3r| 0 27] © 24] © 22] Oo 38 
34 0 59 0 47 0 39 0 34 © 30] 0 26] 0 24] © 20 
1346 Te. 4 Oo 5I 0 42 Oo 36 0 32 0 28] 0 26 Oo 2I 
y% re. 9 0 55 © 46} 0 39]-0 35 0 30] 0 28 Oo 23 
1546 ti 4 0 59 Oo 49 Oo 42 0 37 Oo 33 0 30 0 25 
I DIOS MEY 320. 52 Oo 52 ©. 140. |'2 10)... 35: |) POR 32 0 26 
114 I 28 I 10] 0 58 0 49 Oo 44 0 39!] 0 35 0 29 
4 I 38 E18 HE BES 80.856 0 49 © 43/ 0 39 0 33 
1% TAS Wi a.26)' 1 DE AET || AEP 2: hoo 354 |Os0", 48) |\>.00 43, | 1.0036 
1% Te S84 Tesd4 ee eal | cee alk Os so om eo) Oolea7:,| 101030 
158 Ga Oule nk. 42 I 24 TeSys De 4 PO 56 oO 51 Oo 42 
13% 2 2a ft 50 |r any Ero Tr So [hrree Metrgs. 1 |.er46 
1% 2. 27 I 58 soz ig6 I 24 I 14 pees 0 59 0 49 
2 By Bara pO lark Ad ae 20 Heed BO NST, NON, D0 Pose 
2% 2 AGgb ide Asie rk SOLA 134 hot, 23 (0n 73) a OP Oss 
24 2 56 2 21 I 56 I 40 I 28 t* 77 fab oe 0° 58 
238 B Grk 2020 Wn no3ih yf 246. Bas iy ot ae ets |) 2 
2 Fe LOH p22 374 | 1 £2 V9) | it e521) TE, <gS)\\ee 26. ety TO |), Te c5 
2% Sap ag Saha hese Se 4 by, (49 [ek GS (Ty 27) ee De 12 
3 S SO Pise’ obl2 0 B62. e15 OL 158 [oe 44 | Te. Sh LP 18 
3% 4 16 3° [25 2 49 2 26 2.58 Ti 53 I, 42 I 25 
34 Bysshe Sh A Gains Leh a2 BOT ee SS. | eater SO! the Lae Sk 
3% Zo SO e Sy STA. 3 ASR. 240 Pe) 228, (PPS ZO CT 5s hy Te Ss 
4 Sd Are ak er ee a say Tia RS phate te he ml ag 
4M Seas 4 26 |) 3-40 3" role ai a7 P vaeray th dare ih tt 50 
444 Be bauh pACK4aS ApS a 52h! 3,22 1|, 2 150 11 2) a>) |! a eer i 256 
4% Gintaulhe 4ec58elh 42 R603 43211310 22 a4 2c 20, 2403 
5 6, 32-},-5, 14.),.4. 191 |- 3 43 = WS) 2 52 Pile ye 2 10 
534 MAIS HW ASe ASG AAT 4 ~ 811.93 537 1 30 TE | oa. 4) 2b a4 
6 PP Sas) 6658 os MTZ} id F290 40.3, 256 og 228 | (ai. roy] 2236 
644 8 £33 | 96) 50a 5394 6521) 4.0173. 46] 3.25] 2.50 
7 PAGS 6 F020 SOAS Z}015. ATA ple 4 235.) 04 e2 | &3) 405], Bore 
1% 9 54| 7 55} 6 32) 5°39] 4.57] 4 2t| 3 58] 3 16 
8 Toh! 28) |'."8! 22) |2°6" S545 58-9 5:4 74 6 4-136. | Pd DEP 3 tta7 
8 Ir 7 | 8 954 |'°7> 20'|' 6 20:1* 5: 34 4 53] “4 27°} 3) 40 
9 ir 46) 9 25] 7 46) 6 42} 5 53| 5 II] 4 42) 3° 53 
9% 12°25 | 956 |} 8 x2)/"'7 5 |. 6 2-15 28] 4-58) 4h 6 
5 a) 13 9] 10 31 8 40| 7 30] 6 34 5 47| 5 16] 4 20 
104 13; -40.|,10 56 | 9.2 7 AT 6-504]. 6 ir W XB) 28 4 31 
Ii Pie SON lI. 30) | 2 Op S4e | ee LONE 7 PTS UL Ole lle CAS iN da a7 
114 Bid Bilitao 2)(--O0, 15501. 8. 34) a7 Stil 0 sa7 || On) Tt 58 
12 IS 44.) 12 35| 10 23) 8 58| 7 52] 6 55] 6 18| 5 14 
1244 RO 1208) 13s 7 || 1O:49-| <n; 25 SS reales 134 6345) 50 25 
13 D7 41339 ITE] 9 = 4g 83247 38a] 6-2 502) 5.38 
1344 LB T4525) 1034-10. O18. 46.) 7.43. |. 7 TL) Sy 47 
14 78).20.| t4. 4012: 6:1 10° 27 | (9) 101 8 -4,| 7 201° 6 3 
144% 18 52/15 6/12 28] 10 46| 9 26] 8 19| 7 33] 6 14 
5 19 38|} 15 41 | 12 57] 12 10] 9 49} 8 38] 7 50] 6 29 
154 20 24) 16 19 | 13 28] 11 38 | 10 12|/ 9 Oo} 8 .10.|. 6.44 
16 20 58116 46113 50! 11 57110 29 9 131 8 23! 6 55 


320 TURNING AND BORING, 


TABLE FOR LATHE AND Boritnc-Mitt Tie 


Cutting Speed, Feet per Minute 


15 20 
Dian. |_——_——_——— 
Bae Feeds, Inches per Rev. | Feeds, Inches per Rev. 

re a ace a a 

3 3 
PORE Se See eRneREN Reems ae PENSE 
2 oO. 0.628 
2} re 0.785 
3 w: 0.942 
34 Ze: I.010 
4 Ts 1.257 
4} Di I.414 
5 2 I.571 
54 2. 1.728 
6 Ce 1.885 
64 2. 2.042 
7 an 2.199 
7h 3. 2.356 
8 ae 2.513 
83 Be 2.670 
9 B's 2.827 
9} ce 2.985 
10 4. 3.142 
ro} 4. 3-299 
a o ners 
4. 3-013 
i2h 5. 3-770 
Si 3-927 
me 5. 4.084 
13 5. 4.241 
ye 3: 4.398 
. 4-555 
+ Bs 4.712 
15 5 4.869 
+f p 5.027 
I 3 5.184 
ae Te Gee 

yt 5.49 

ae Uf. 5-055 
73 5.812 
rok g: pe 

2 a2 
20 8. 6.283 
I 8. 6.597 
22 9. 6.912 
23 9. 7.226 
24 10. 7.540 
25 10. 7.854 
26 10. 8.168 
27 rr 8.482 
28 Ir. 8.796 
29 12. OFITE 
30 12: 9.425 


These constants are for x foot of length at the cutting speeds and| 
feeds given. The constants are derived from the circumference in 
inches divided by the feet in inches X the cutting speed in feet 
per minute. 


CUTTING TIME 321 
TABLE FOR LATHE AND Bortnc-MILL TIME 
Cutting Speed, Feet per Minute 
25 | 30 
Rien 

Work Feeds, Inches per Rev. | _~ Feeds, Inches per Rev. 

ty 3 | a t | t | 4 
2 8.042] 2.011] 1.005] 0.503 6.702! 1.675] 0,838] 0.419 
2% 10.053] 2.513] 1.257| 0.628 8.378] 2.004] 1.047] 0.524 
3 12.064, 3.016] 1.508] 0.754 | 10.053] 2.513] 1.257] 0.628 
34 I4.074| 3.510] 1.750] 0.880 | 11.720} 2.932] 1.466) 0.733 
4 16.085| 4.021] 2.011] 1.005 | 13.404] 3.351 1.676] 0.838 
44 18.0906] 4.524] 2.262] 1.131 | 15.080] 3.770} 1.885] 0.942 
5 20.106] 5.027| 2.513] 1.257 | 16.755| 4.180] 2.004] 1.047 
54 22.117| 5.520) 2.765) 1.382 | 18.431] 4.608] 2.304] 1.152 
6 24.127| 6.032] 3.016] 1.508 | 20.106] 5.027] 2.513] 1.257 
63 26,138] | 6.535). 3-207] (8. O34_) |21..782| 152445] 20-723) 1136 
7 28.149] 7.037) 3-519] 1.759 | 23.457] 5.864] 2.932] 1.466 
7% | 30.1590] 7.540] 3-770) 1.885 | 25.133] 6.283] 3.142] 1.571 
32.170] 8.042] 4.021] 2.011 | 26.808] 6.702] 3.351] 1-676 
8} 34.181) 8,545] 4.273] 2.136 | 28.484] 7.121] 3.560] 1.780 
9 36.191] 9.048] 4.524] 2.262 | 30.1590] 7.540] 3.770] 1.885 
93 | 38.202] 9.550| 4.775] 2.388 | 31.835] 7.950] 3.970] 1.990, 
Bae) 40.212) 10.053] 5.027] 2.513 | 33.510] 8.378] 4.189] 2.004 
10} 42.223] 10.556] 5.278] 2.639 | 35.186] 8.796] 4.398] 2.190 
II 44.234] 11.058] 5.520] 2.765 | 36.861] 9.215] 4.608] 2.304 
Imz | 460,244] 11.561] 5.781) 2.800 | 38.537] 9.634] 4.817] 2.499 
12 48.255| 12.064] 6.032] 3.016 | 40.212] 10.053] 5.027] 2.513 
12} 50.206] 12.566) 6.283} 3.142 | 41.888] 10.472| 5.236] 2.618 
13 52.276) 13.060] 6.535] 3.267 | 43.564] 10.8901] 5.445] 2.723 
13% | 54.287| 13.572] 6.786) 3.303 | 45.230] 11.310] 5.655] 2.827 
14 50.297] 14.074] 7.037] 3.519 | 46.915] 11.729] 5.864] 2.932 
14} 58.308] 14.577] 7.280] 3.644 | 48.590] 12.148] 6.074] 3.037 
15 60.319] 15.080] 7.540] 3.770 | 50.266] 12.566] 6.283) 3.142 
154 62.329] 15.582] 7-791) 3.806 | 51.941] 12.985] 6.493] 3.246 
16 64.340] 16.085] 8.042) 4.021 | 53.617] 13.404] 6.702] 3.351 
16} 66.351] 16.588] 8.204] 4.147 | 55.292] 13.823] 6.912] 3.456 
17 68.361| 17.090] 8.545] 4.273 | 56.968] 14.242] 7.121] 3.560 
17% | 70.372] 17.593] 8.796) 4.308 | 58.643] 14.661] 7.330] 3.665 
18 72.382| 18.096] 9.048] 4.524 | 60.310] 15.080] 7.540] 3.770 
18} | 74.393] 18.598] 9.200] 4.650 | 61.994] 15.490] 7.749] 3.875 
19 76.404] 19.101) 9.550) 4.775 | 63.670] 15.917] 7-959] 3.979 
19} 78.414) 19.604] 9.802] 4.901 | 65.345] 16.336} 8.168] 4.084 
20 80.425] 20.106] 10.053] 5.027 | 67.021] 16.755] 8.378] 4.1890 
2r 84.446] 21.112} 10.556] 5.278 | 70.372] 17.593] 8.796] 4.308 
22 88.467] 22.117] I1.058] 5.520 | 73.723] 18.431] 9.215] 4.608 
23 92.489] 23.122] 11.561] 5.781 | 77.074] 19.268] 9.634] 4.817 
24 96.510] 24.127 23068 6.032 | 80.425] 20.106] 10.053] 5.027 
25 100.53 | 25.133] 12.566] 6.283 | 83.776] 20.944] 10.472] 5.236 
26 104.55 } 26.138] 13.069] 6.535 | 87.127] 21.782] 10.891] 5.445 
27 108.57 | 27.143] 13.572] 6.786 | 90.478| 22.620] Ir.3I0] 5.655 
28 TI12.59 | 28.140} 14.074] 7.037 | 93.820] 23.457) 11.720] 5.864 
29 116,62 | 20.154] 14/577] 7.289 | 97.180] 24.205] 12.148] 6.074 
30 120.64 | 30.150] 15.080] 7.540 |100.53 | 25.133] 12.566| 6.283 
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TABLE FOR LATHE AND BorING-MILL TIME 


Cutting Speed, Feet per Minute 
35 | 40 
Diam. | 
moe Feeds, Inches per Rev. | Feeds, Inches per Rev. | 
ay $ t : > | aa | $ i 2 | 
2 5.745| 1.436] 0.718] 0.359 5.027] 1.257] 0.628 | 0.314 | 
24 7.181| 1.795] 0.898] 0.449 6.283] 1.571| 0.785 | 9.393 
8.617] 2.154] 1.077] 0.539 7.540| 1.885] .0.942 | 0.471 | 
34 10.053] 2.513) 1.257) 0.624 8.796] 2.199] 1.100 | 0.550 
4 11.489] 2.872] 1.436 0.718 | 10.053] 2.513) 1.257 0.628 
44 12°925)|- 3.232 1.616] 0.808 | 11.310] 2.827] 1.414 | 0-707 
5 14.362] 3.590] 1.795] 0.808 | 12 566| 3.142] 1.571 | 0.785 
5} | 15.798] 3.949] 1-975] 0.987 | 13.823] 3.456) 1.728 0.864 
17.234| 4.308 2.154] 1.077 15.080] 3.770] 1.885 | 0.942 
64 18.670| 4.668} 2.334] 1.167 | 16.336] 4.084] 2.042 | 1.021 
i 20.106| 5.027] 2.513] 1.257 | 17-593] 4-398] 2.199 | 1.100 
7 21.542| 5.386] 2.693) 1.346 18.850] 4.712] 2.356 | 1.178 
8 22.979] 5.745| 2-872] 1.436 20.106] 5.027) 2.513 | 1-257 
84 24.415) 6.104] 3-052 1.526 | 21.363] .5-341] 2.670 | 1.335 
9 25.851| 6.463] 3.231] 1.616 22.620| 5.655| 2.827 | 1.414 
94 27.287| 6.822] 3.411] 1.705 | 23-876) 5 969] 2.985 | 1.492 
10 28.723) -7.181 3-590; 1.795 25.133} 6.283) 3-142 DT y5t7K 
10} | 30.150] 7-540] 3.770] 1.885 | 26.389} 6.597| 3.299 1.649 
Ir 31.506] 7.800] 3.949] 1.975 | 27.646] 6.912] 3.456 | 1.728 
Ir} 33.032| 8.258] 4.120] 2.064 | 28.903) 7 226| 3.613 | 1.806 
12 34.468| 8.617} 4.308] 2.154 | 30-159) 7.540 3.770 | 1.885 
12 35.904] 8.976] 4.488] 2.244 | 31.416] 7.854) 3.927 1.964 
13 37.340] 9.335] 4.668] 2.334 | 32.073 8.168] 4.084 | 2.042 
134 | 38.776] 9.604] 4.847] 2.424 | 33.929] 8.482) 4.241 | 2.127 
14 40.212] 10.053] 5.027) 2.513 35.186] 8.796] 4.398 | 2.199 
14} | 41.640] 10.412] 5.206] 2.603 | 36.443] 9.111 4.555 | 2.278 
15 43.085| 10.771| 5.386] 2.603 | 37.699] 9.425) 4.712 2.350 
154 | 44.521| 11.130] 5.565] 2.783 | 38.950] 9.739] 4.869 | 2.435 
16 45.057| I1.480| 5.745] 2-872 | 40.212] 10.053] 5.027 | 2.513 
16% | 47.393] 11.848] 5.924) 2.962] 41 469] 10.367] 5.184 } 2.502 
17 48.820] 12.207] 6.104) 3.052 | 42 726| 10.681] 5.341 | 2.670 
17% | 50.266] 12.566] 6.283] 3.142 | 43.982] 10.996 5.498 2.749 | 
18 51.702] 12.925] 6.463] 3.231 | 45.239] 11-310] 5-955 2.828 
18} | 53.138] 13.284] 6.642] 3.321 | 46.406] 11.624 5.812 | 2.906 
19 54.574] 13.644] 6.822) 3.411 | 47.752) 11 938| 5.969 | 2-985 
194 56.010] 14.003] 7.001] 3.501 | 49.000] 12,252 6.126.| 3.063 
20 57-446] 14.362] 7.181] 3.590 | 50 266| 12.566] 6.283 | 3.142 | 
2r 60.319] 15.080] 7.540] 3.770 | 52.779] 13,195 6.597 | 3-299 
22 63.191| 15.708] 7-899] 3.949 | 55-292] 13.823] 6.912 3 -4ae 
23 66.063] 16.516] 8.258] 4.129 | 57-805] 14.451 7.226 | 3.013 
24 68.036| 17.234] 8.617] 4.308 | 60.319] 15.080] 7.540 | 3.770 
25 71.808] 17.952] 8.976] 4.488 | 62.832] 15.708] 7.854 | 3.927 | 
26 74.680| 18.670] 9.335] 4.668 | 65.345] 16.336] 8.168 | 4.084 | 
27 | 77-553) 19.388] 9,694] 4.847 | 67.859] 16,905} 8.482 | 4.247 
28 80.425] 20.106] 10.053] 5.027 | 70.372] 17.593 8.796 | 4.308 
29 83.207! 20.824] 10.412] 5.206 | 72.885] 18.221] 9.11 | 4.555 
30 86.170| 21.542] 10.771| 5.386 | 75.398] 18.850] 9.425 | 4.712 


CUTTING TIME 323 


TABLE FOR LATHE AND Bortnc-MItLL TIME 


Cutting Speed, Feet per Minute 


BH eH 


res) 


Sa 


OO COOITADNUAP HWW bd 
ro 


res 


50 60 
Feeds, Inches per Rey. ~~—"Feeds, Inches per Rev. 
; | t [4 Bevin s i 3 

-O21 1.005] 0.503 | 0.251 ies i5 i 0.838] 0.419 | 0.200 
-02 1.257] 0.628 | 0.314 4.189] 1.047] 0.524 | 0.262 
-032| 1.508] 0.754 | 0.377 5.027] 1.257] 0.628 | 0.314 
037} 1.759] 0.880 | 0.440 5.864] 1.466] 0.733 | 0.367 
042| 2.011] 1.005 | 0.503 6.702} 1.676) 0.838 |} 0.419 
048| 2.262] I.13t | 0.565 7.540 1.885] 0.942 | 0.471 
053] 2.513] 1.257 | 0.628 8.378] 2.004] 1.047 | 0.524 
058] 2.765) 1.382 | 0.601 Qn2i5)|a.12 aGOa ae ker aey. e057 0, 
064] 3.016] 1.508 | 0.754 | 10.053] 2.513] 1.257 | 0.628 
069} 3.267] 1.634 | 0.817 | 10.801] 2.723] 1.361 | 0.681 
074) 3.519] 1.759 | 0.880 IL.729| 2.932] 1.466 | 0.733 
080| 3.770] 1.885 | 0.942 | 12.566] 3.142] 1.571 | 0.785 
085| 4.021] 2.011 I.005 | 13.404] 3.351) 1.676 | 0.838 
090}. 4.273] 2.136 | 1.068 | 14.242] 3.560} 1:780 | 0.890 
096] 4.524] 2.262 | 1-131 | 15.080] 3.770] 1.885 | 0.942 
IOI] 4.775| 2.388 | 1.194 | 15.917] 3.979] 1.990 | 0.995 
I06| 5.027] 2.513 | 1.257 | 16.755} 4.180] 2.004 | 1.047 
I12]. 5.278] 2.639 |. 1.319 | 17.503]. 4.398] 2.199 | I.100 
217) 5.1529) 2.705 | 1-382 :) ©8-43irls 4.608). 2.304 | 1152 
I22| 5.781] 2.800 |} 1.445 | 19.268] 4.817] 2.409 | 1.204 
127] 6.032) 3.016 | I.508 | 20.106] 5.027] 2.513 | 1.257 
133] 6.283] 3.142 | 1.571 |]°20.944] 5.236]. 2.618 | 1.300 
138} 6.535| 3.267 | 1.634 | 21.782| 5.445] 2.723 | 1.361 
143) 6.786] 3.393 | 1.606 | 22.620] °5.654] 2.827 | 1.414 
149] 7.037] 3-519 | 1.759 | 23.457) 5.864] 2.932 | 1.466 
154] 7.280) 3.644 | 1.822 | 24.295] 6.074] 3.037 | 1.518 
I590| 7.540] 3.770 | 2.885 | 25.133] 6.283] 3.142 |] 1.571 
165| 7.791] 3.806 | 1.948 | 25.971] 6.403] 3.246 | 1.623 
170} 8.042] 4.021 | 2.011 | 26.808] 6.702] 3.351 | 1.676 
I75| 8.294] 4.147 | 2.073 | 27.646| 6.912] 3.456 | 1.728 
I8t) 8.545] 4.273 | 2.136 | 28.484] 7.121) 3.560 | 1.780 
186] 8.706] 4.308 | 2.199 | 29.322] 7.330] 3.665 | 1.833 
IOI] 9.048] 4.524 | 2.262 | 30.150} 7.540] 3.770 | 1.885 
I97| 9.290] 4.650 | 2.325 | 30.997) 7.749] 3.875 | 1.937 
202} 9.550] 4.775 | 2.388 | 31.835] 7.959) 3.979 | 1.990 
207} 9.802] 4.901 | 2.450] 32.673] 8.168] 4.084 | 2.042 
.2I2) 10.053] 5.027 | 2.513 | 33.510] 8.378] 4.189 | 2.004 
223) 10.556] 5.278 | 2.630 | 35.186] 8.796] 4.308 | 2.1090 
234| 11.058] 5.520 | 2.765 | 36.861] 9.215] 4.608 | 2.304 
244) It.561| 5.781 | 2.800 | 38.537] 9.634] 4.817 | 2.400 
255| 12.064] 6.032 | 3.016 | 40,212] 10.053] 5.027 | 2,513 
206| 12.566] 6.283 | 3.142 | 41.888} 10.472] 5.236 | 2.618 
.276| 13.069] 6.535 | 3.2607 | 43.564] 10.80r] 5.445 | 2.723 
.287| 13.572] 6.786 | 3.393 | 45.230] 11.310] 5.655 | 2.827 
207| 14.074] 7.037 | 3.519 | 46.915] 11.720] 5.864 | 2.0932 
308] 14.577] 7.280 | 3.644 | 48.500] 12.148] 6.074 | 3.037 
-3190| 15.080] 7.540 | 3.770 | 50.266] 12.566] 6.283 | 3.142 
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ACCURATE TooL SETTING with CompouND REsT 


A compound rest equipped with micrometer dial may be used | 
for making extremely minute adjustments by merely swiveling it 
to any ratio desired, for instance: 

If it is set at 45 degrees, one o.oo1-in. division on the dial will ad- 
vance the tool 0.0005 in. or remove 0.001 in. on diameter of work, | 
If set at 30 degrees, the tool advance will be 0.00033 in. and if set at 
50 degrees, the advance is 0.00055in. ‘The following is the formula: | 


A = Advance of tool. 


B = Amount removed on diameter of work. 

C = Number of degrees of set over of compound rest. 

D = oo degrees. | 

E = 0,001 division on dial. | 
se Maal —~pif 

A=E+5 B= ofA Cr) Die A 


CurTrtinc LUBRICANTS 


Cast iron is usually worked dry, but when hard cast-iron gears | 
are to be cut, as with three cutters, the first cut through will work | 
better with strong soda water. It makes an objectionable mess, | 
but the work will be done faster and the cutters keep sharper longer | 
than with the dry process of cutting. | 

Brass and babbitt are usually cut dry, but to hand-ream brass and | 
babbitt is sometimes difficult if the reamer isa little dull. Kerosene | 
and turpentine are used with good results. Cast iron can be hand- | 
reamed easily with tallow and graphite, mixed, and the hole will i 
be kept just the size of the reamer. Copper can be worked well 
with lard-oil and turpentine mixed. 

In boring babbitt bushings and rod boxes in a lathe or boring © 
mill, it is very difficult to work the material dry as the chips have a | 
great tendency to roll around the tool and into a hard ball, tearing | 
the metal and making a rough ragged hole. In this case kerosene 
and lard-oil mixed will work well. | 

Cheap oil is sometimes used as a lubricant for cutting, but soap 
water or soda water is better for iron and steel skafting and with a| 
sharp tool and light finish cut the work will be smooth enough to | 
polish without filing. 

Rawhide is a very peculiar substance to work, and to drill it with | 
a twist drill is a tedious job, as the flutes will clog and stick if run 
dry. A cake of soap held against the drill will prevent all trouble 
and sticking of drills. It is bad practice to use oil on rawhide as it 
injures the fiber and loosens the glue. Drills should be run at very 
high speed in rawhide to work well. ; 

Turpentine is good in some cases where fitting is done, such as) 
scraping lay-out plates, or face plates. Oil will form a coating so) 
that marks cannot be seen plainly, but turpentine will prove bene- 
ficial on this kind of work if used freely. The marks can be seen 
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plainly, and the work is a great deal easier to scrape than with an 
oil surface, as the oil glazes over the surface and makes it hard to 
start the scraper cutting. 


Lubricants for Threading 


Hard rubber and fiber is threaded without any lubrication. 

Aluminum.—For aluminum, kerosene with enough cutting oil to 
give ita body. There are different alloys of aluminum, and while 
one lubricant would be all right for a certain aluminum stock, it 
might'not be all right for another. For many purposes a soluble 
cutting oil is satisfactory. 

Basic Steel.—The same good mineral lard oil that was used 

_for threading Bessemer steel has worked well for basic steel. 

Bessemer Steel.—In cutting the regular grades of Bessemer 
steel a good mineral lard oil has been used with results wholly 
satisfying. Sometimes the mineral lard oil has been mixed with 
a certain percentage of ordinary kerosene oil, ranging from 25 to 
50 per cent, according to the nature of the work. 

Copper.—Frequently cut dry, but good cooling compound 
preferred. 

Cast Iron.—Mineral lard oil. 

Monel Metal.—In threading monel metal a compound of white 
lead and oil has been used successfully. Others claim better 
results from red lead and oil. If the lead and oil are mixed to the 
consistency of thin glue and applied to the work, there would 
probably be no difficulty in cutting monel metal successfully, so 
far as the lubricant is concerned. 

Phosphor Bronze Studs.—Mineral lard oil straight, or diluted 
with 25 per cent kerosene oil. 

Soft Drawn Steel and Soft Steel Forgings.—Prime lard oil, or 
the compound for general threading, given here: 


CoMPOUND FOR GENERAL THREADING 


A very satisfactory compound advised by Geometric Tool Com- 
pany for general screw-thread cutting is made as follows: 
40 gallons of water. 
zo gallons of mineral lard oil (good grade). 
2} pounds of soda ash (exact quantity). 
This compound has been used with excellent results when thread- 
ing the following materials: 
_ Cast and bar brass, machine steel, malleable iron, tobin bronze, 
tool steel, drawn steel tubing or shells, vanadium steel, Bessemer 
‘steel, pressed steel, brass tubing, copper lead, monel metal, nickel 
steel, basic or open-hearth steel, cold-rolled stock. 
_ Half the quantity, or 5 gallons only, of mineral lard oil is some- 
_ times used in making up the compound, where a cooling rather than 
lubricating element is desirable. This compound has worked well 
‘on pressed steel where every other lubricant failed. 
» An addition of sulphur to the oil has proved very helpful in some 
cases. 
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ESTIMATING MACHINING TIME 


These speeds and feeds will be found conservative for average _ 
work. | 


TABLE OF CuTtrinGc SPEEDS FOR ESTIMATING PURPOSES 


Cutting 
Speed in 
Feet per 
Material Minute 
Gast iron) (hire HA OE. TOR oR tes 50-60 
Cast steel :2pisicssheiaters.s. sore vies Banton tate aint capetek rane Meena 60 
Malleable irons. (ie. Susi: Shane hones aa GU eee 70 
Machine steel forgings (15- to 20-point carbon)....... 60- 7o. | 
Machine steel bar stock. ..... 040. 00 Jsi02 ues satel. 60-70 | 
Toolisteeliforgings: ys Ji... 9G ABM Le. ied. Sree eeeet 3574012 | 
Steel alloys containing nickel and chromium.........- 30> 50 
Yellow brass #i20% i¢) Sen, BGG 1b. Sees 150-200 
Composition brass. .....0.0. 2 Use ee ee ee 120-150 


Bronzes—manganese and phosphor bronzes usually 
require speeds approximating those for cast iron. 
Speed depends considerably on whether lubricant 
is ‘used ormotiiy..¢ lata Tata aiihceeste ti) tee 307 80 


of the tools are important factors..........sseuere 150-300 


Stellite tools will run satisfactorily at greater speeds and with | 
coarser feeds in the majority of cases. i 

It is difficult to give thoroughly reliable data on feeds, but a few _ 
examples may be of interest. For estimating purposes, and 
always assuming that the normal finish allowance is provided, the | 
following notes may be used as a basis in setting feeds. There are | 
so many factors to be taken into consideration, however, that 
variations of from 20 to 30 per cent from the figures given are often 
correct under certain conditions. 


Cast Iron 


For roughing cuts on diameters up to 8 inches the feed may range | 
from 2; to 3; inch. Feeds for finishing cuts may be about the 
same, and the speeds increased 25 per cent or more, or the feeds 
may be doubled, using a slight increase of speed and broad-nosed 
tools. On diameters where the finish allowance is from 4 to # inch, 
the feeds for roughing cuts may vary from 7g to % inch, and for 
finishing cuts higher speeds can be used with finer feeds, or slower 
speeds with an increase of feed, if broad-nosed tools are used. 
On large work, final finishing cuts are sometimes taken at cutting 
speeds 50 per cent higher than for roughing cuts, and with a feed. 
of from 3 to 2 inch per revolution with very broad-nosed tools and) 
when great accuracy is not required. These statements are based! 
on actual practice and, while they cannot be considered as positive 
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in their nature, they will be found to answer very well for a great 
proportion of cast-iron work. 


Cast Steel 


Roughing cut feeds on diameters up to 8 inches will vary from 
0.020 to o.ogo inch. Finishing feeds should be decreased by 25 to 
50 per cent, while speeds can be correspondingly increased. For 
larger diameters, where the finish allowance is from } to 35; inch, 
the feeds for roughing may vary from 0.040 to 0.060 inch, and for 
finishing cuts on large diameters, where considerable accuracy is 
required, the feeds should be 50 per cent finer with speeds increased 
25 per cent or more. Broad-nosed tools cannot be used to advan- 
tage for finishing steel castings, as they are inclined to tear the 
metal and leave it rough. ‘The use of lubricant is assumed when 
cutting steel castings, and the tools must be lipped and ground to 


suit the material. 
Malleable Iron 


Roughing cuts on diameters up to 8 inches can be made with 
feeds from 3; to 0.040 inch, and finishing feeds are about the same 
as for cast iron. The use of lubricant for malleable iron is 
recommended. 

Machine Steel Forgings 


The feeds will range from 0.020 to 0.040 inch for roughing cuts on 
diameters up to 8 inches. For finishing the feeds should be 
decreased from 20 to 30 per cent and the speeds can usually be 
increased from 30 to 50 per cent. For larger diameters, when the 
finish allowance is considerably greater, the maximum feed can 
seldom be over 7g inch, and in many cases not more than 7 inch 
is permissible. Finishing cuts on large diameters are generally 
about the same as for cast steel, always assuming that a plentiful 
supply of lubricant is provided. 


Machine Steel Bar Stock 


It is difficult to give feeds on this class of work, because diameters 
are frequently reduced by taking a very deep cut. with a fine feed, 
but when box tools or universal turning tools are used and when the 
stock reduction is not more than 3 to } inch, a feed of from 0.020 
to 0.040 inch can often be used. In forming cuts and for greater 
stock reductions the feeds may vary from 0.002 to o.ors inch, 
depending upon the shape of the form to be cut and the method of 
applying the tools. Finishing cuts are seldom made with a coarse 
feed, but speeds are increased in many cases as much as 50 per cent. 


Tool Steel Forgings 


Roughing cuts on small diameters up to 6 or 8 inches with a 
depth of cut not exceeding } inch can usually be machined with 
feeds from 0.012 to 0.020 inch, and occasionally a feed of 0.030 inch 
can. be used, if the forgings have been thoroughly pickled and 
annealed. For finishing cuts the feeds must be finer, although the 
speeds can usually be increased about 25 per cent. On large 
diameters feeds from 3; to ¢@ inch are possible in some cases, 
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when the depth of the cut does not exceed # inch, but in estimating 
work of this kind it is seldom safe to exceed.a feed of 4; inch for| 
roughing cuts. Finishing cuts for large diameters can be slightly | 
coarser, if great accuracy is not required in the product and if the| 
appearance of the work is not of primary importance. . Otherwise 
fine feeds must be used and the tools “lipped” to curl the chip, in| 
order to remove the metal easily and leave the surface smooth and | 
clean. Lubricant must always be used on this kind of work and 
any boring tools for deep holes must be designed so that lubricant | 
can be carried to the cutting edges. ! 


Steel Alloys 


Roughing cut feeds are usually about the same as for tool steel| 
forgings. It is safe to follow the procedure noted in the preceding | 
paragraph, unless it is possible to obtain a sample of the alloy on 
which tests can be made to determine the feeds and speeds possible. | 


{ 


Yellow Brass 


For roughing cuts on work up to 8 inches in diameter and having 
a finish allowance of from 74 to } inch, feeds from 0.020 to o,040/ 
inch can be safely used. It is not advisable to go much beyond 
these feeds, as there is danger of tearing the metal, so that the) 
finishing cuts will not remove the marks made in roughing. For} 
finishing cuts, tools should be ground with a “drag”? and, when) 
only a smal] amount is allowed for the finishing cuts, the feeds can} 
be quite coarse, even with very high speeds. For roughing cuts on} 
large diameters when the finish allowance does not exceed } inch,| 
feeds as coarse as 75 or even 3; inch can be used in extreme cases. 
It is not advisable, however, to attempt to use too coarse feeds for) 
the, reason previously stated. In finishing large diameters the| 
same rule applies as that mentioned for small diameters, that is,| 
coarse feeds and high speeds, provided the tool is ground with a/ 
drag. Some operators prefer to use finer feeds in finishing, ad 
this is not necessary if judgment is used in grinding tools. | 


} 
Composition Brass | 
Roughing and finishing cuts are approximately the same as for 
yellow brass, although they should be slightly more conservative, 
as the composition is generally somewhat harder than ordinary| 
brass. | 
Bronzes 

For roughing work up to 8 inches in diameter where finish! 
allowances do not exceed 7 to 3; inch on a side, feeds from 0.02¢) 
to 0.040 inch can generally be used, depending considerably on an 


ae 


i 


nature of the alloy. Phosphor bronze and manganese bronze aré 
hard in their composition and the feeds used must.not be too great 
In addition to this, the scale on bronze castings is extremely hard] 
and has a strong abrasive action on the tools, so that they dull very 
rapidly. The speeds and feeds used in finishing can be consider- 
ably increased, but if good work is required, it is not advisable tc 
use very coarse feeds, and an increase of 25 per cent over the 
roughing cuts will usually be found satisfactory. For large 
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diameters when the finish allowances approach } to 33; inch, the 
feeds for roughing can frequently be 0.030 to 0.060 inches. In 
finishing large diameters slightly coarser feeds can be used than 
for the smaller sizes, but really coarse feeds cannot be applied to 
advantage if a good finish is desired. 


Aluminum 


The feeds for roughing this class of material vary greatly on 
account of the difference in the composition of the alloy. In 
general, very coarse feeds can be used for both large and small 
diameters, provided the tool is suitably ground. The writer has 
seen aluminum castings 10 inches in diameter machined dry at a 
cutting speed of 300 feet per minute and with a feed of % inch per 
revolution. It would not be advisable, however, to use speeds and 
feeds of this kind for estimating, as the nature of the alloy might 
easily make a great difference. Feeds for the majority of roughing 
cuts on small diameters, when the finish allowance is approximately 
% inch, can vary from 0.040 to 0.080 inch, and in extreme cases even 
more than this. Finishing cuts are possible at feeds from § to 
z inch per revolution, when broad-nosed tools are used. For large 
diameters an increase of about 25 per cent is permissible, both in 
roughing and finishing. It is advisable to be somewhat conserva- 
tive in setting feeds for this class of work, but it will, in general, 
be found that the production time is much better than the esti- 
mated time, provided the operator uses judgment and tries to 
obtain the highest possible production. 


= ae 


Right Hand Tool 
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Left Hand Tool 
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"Square Point Too} 


Round Nose Tool 


DIAMOND-TIPPED TURNING TOOLS 
These tools are used for turning fiber, hard rubber, paper rolls 
and some metals) They maintain a cutting edge almost indefi- 


7, 
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nitely and leave a smooth finish. Diamond-pointed bits are used 
in boring bars for aluminum crank cases, etc., and bronze bushings 
are bored and turned with diamond tools in some shapes. 

Use of Diamond Tools.—Mica can be readily turned with a 
diamond. One user reports turning mica } diameter by 2 inches 
long at 1,040 r.p.m. or 175 feet per minute at the rate of 600 per 
day for 5 months, A steel tool lasted for only three pieces. 

Another user bores out steel bushings much faster than by 
grinding. The bushings were } by % inch and averaged 0.002 
inch out of true, before boring. 


Sizes or CENTERS IN ARBORS 


The accompanying table gives a few of the sizes of center drills 
and countersinks used by the Remington Arms Co., Ilion, N. Y., 
on its mandrels. 


A D 

Diam. of Largest Diam. Size of Depth 
Mandrel of Center Drill of Hole 
0.25 0.12 0.052 (#55) 0.15 
0.50 0.25 0.102 (#38) 0.30 
0.75 0.38 0.152 (#24) 0.45 
I.00 0.50 0.199 (#8) 0.60 
a2 0.53 0. 213 (#3) 0.64 
1.50 0.56 0. 228 (#1) 0.68 
1.75 0.59 0. 238 (7B) 0.73 
2.00 0.62 0.250 (#3) 0.77 
2.50 0.69 0.272 (#1) 0.85 
3.00 0.75 o. 302 (#N) 0.94 
3.50 0.82 0.323 (#P) I.00 
4.00 0.88 ° I 


.348 (#S) | .10 
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TURNING TAPERS BETWEEN CENTERS 


Tapers can be cut between lathe centers either by setting over the 
tail center or by using a taper attachment. In either case the angle 
must be one-half the difference in diameters between the two ends 
of the taper, if it extended the whole length of the piece. To 
turn a piece 20 inches long, 5 inches at one end and 3 inches at the 
other, as Fig. 1, must have the tail.stock set over 1 inch, this being 
one-half of the difference between 5 and 3. 

Tf the taper extends only half the length of the piece with the 
same difference in diameter, the tail stock must be set over twice as 


PIG! "3 Fic. 6 
Location of Tapers Set-over in Lathe 


far, or 2 inches, for the true taper is now from 3 inches at the small 
end and 7 inches at the largeend. The difference is 4 inches, making 
it necessary to set the tail stock over 2 inches. 

A third case is shown in Fig. 3, where the taper is not at either 
end. With the same difference between large and small diameters 
the taper is again twice as great as in Fig. 2, the dotted:lines show- 
ing the taper extended the whole length of the piece. This would 
be r inch at the small end and 9 inches at the large end, a difference 
of 8 inches, requiring a setover of 4 inches. 

Extreme tapers of this kind are not easy to turn by setting over 
the tail stock. The point of the cutting tool must be set at the 
same height as the lathe centers. 


GRINDING AND LAPPING 
GRINDING WHEELS AND GRINDING. 


The Commercial Abrasives 


Emery, corundum, carborundum, crystolon, alundum and aloxite 
are the ordinary commercial abrasive materials. They vary’ in 
hardness, though it does not follow that the hardest grit is the best 
for cutting purposes; the shape and form of fracture of the particles 
must also be taken into consideration. We may imagine a wheel | 
made up from diamonds, the hardest substance in nature, and whose | 
individual kernels were of spherical form; it is quite obvious that it | 
would be of little service as a cutting agent; on the other hand, if | 
these kernels were crystalline or conchoidal in form it would prob- | 
ably be the ideal grinding wheel. | 

Emery is a form of corundum found with a variable percentage of 
impurity; it is of a tough consistency and breaks with a conchoidal | 
fracture, 

Corundum is an oxide of aluminum of a somewhat variable 
purity, according to the neighborhood in which it is mined; its | 
fracture is conchoidal and generally crystalline. 

Carborundum and crystolon are of silicide of carbon, which is a | 
product of the electric furnace; it breaks with a sharp crystalline | 
fracture, | 
. Alundum and_aloxite are also artificial products, being fused | 
oxide of aluminum. They are of uniform quality, of about 98 
per cent of purity, breaking with a sharp, conchoidal crystalline | 
fracture and having all the toughness of emery. There are also | 

} 


other trade names for similar abrasives. 


Grit and Bond 


{ 
A GRINDING wheel is made up of the “ grit” or cutting material, 
and the bond. The cutting efficiency of a wheel depends largely on | 
the grit; the guide of hardness depends principally on the bonding 
material used. The efficiency. in grinding a given metal is depend- 
ent largely upon the “temper,” or resistance to fracture, and, as 
noted above, upon the character of fracture of the grit or cutting | 
grains of the wheel. | 
The function of the bond is not only to hold the cutting particles | 
of the wheel together and to give the wheel the proper factor of 
safety at the speed it is to be run, but it must also be possible to vary | 
its tensile strength to fit the work it is called upon todo. We often 
hear the operator say that the wheel is too hard or too soft. He 
means that the bond retains the cutting teeth so long that they 
become dulled, and this wheel is inefficient; or, in the case of a soft 
wheel, the bond has not been strong enough to hold the cutting teeth 
and wait are pulled out of the wheel before they have done the work 
expected. 
The bond to be used for a given operation depends on the wheel 
and work speeds, area of wheel in contact with the work, vibration 
in wheel spindle or work, shape and weight of work and many other 
like variables. Wheels are bonded by what are known as. the 
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vitrified, silicate, elastic and rubber processes. No one bond makes 
the best wheel for all purposes; each one has its field. 

The vitrified bond is made of fused clays, is unchanged by heat 
or cold and can be made in a greater range of hardness than any 
other bond. It does not completely fill the voids between the 
grains, and, therefore, a wheel bonded in this way having more 
clearance than any other is adaptable for all kinds of. grinding 
except where the wheel is not thick enough to withstand side pres- 
sure. This bond has no elasticity. 

The silicate bond is composed of clays fluxed by silicate of soda at 
low temperatures. It is not as stable as the vitrified bond as regards 
dampness, givesless clearance between grains, and has a range of 
hardness below that of the vitrified in the harder grades. This bond 
has no elasticity and will not make a safe wheel of extreme thinness. 

The elastic bond is composed of shellac and other gums. It com- 
pletely fills the voids of the wheel, has a limited range of grades, has 
a high tensile strength and elasticity and can be used for the making 
of very thin wheels. The rubber or vulcanite bond has the genera] 
characteristics of the elastic, but its grades of hardness cannot be 
varied to the same extent and its uses are limited. 


Grain and Grade 

Grinpinc wheels are made in various combinations of coarseness 
and hardness to meet the variety of conditions under which they 
are used. ‘The cutting material is crushed and graded from coarse 
to fine in many sizes designated by number. By No. 20 grain is 
meant a size that will pass through a grading sieve having 20 meshes 
to the linear inch. 

The term “‘grade”’ refers to the degree of hardness of the wheel or 
the resistance of the cutting particles under grinding pressure. A 
wheel from which the cutting particles are easily broken, causing it 
to wear rapidly, is called soft, while one which retains its particles 
longer is called hard. 

Use of Water 

Water should be applied directly at the grinding point, and must 
be delivered with sufficient force to keep the wheel face clean. 
Tf this is not done a kind of mud accumulates at the grinding point, 
causing glazing. Water is, or should be, used in grinding process 
not as a means of quenching heat but rather to prevent its creation 
and radiation, and therefore the actual grinding point is the best 
place to apply it. 

It is a necessary means of keeping the work at an equable tem- 
perature so as to obviate distortion and to make the matter of tak- 
ing dimensions an actuality rather than a guessing matter. This 
applies equally to all kinds of grinding. 


The Use of Diamonds 


A diamond is an essential part of a grinding machine’s equipment 
and should have careful consideration, as it is sometimes a very 
expensive item. The diamonds should be the hardest rough 
stones procurable, and the larger stones are cheaper in the end. 
A large stone allows of a more secure hold in its setting, and so the 
danger of losing it is reduced. The diamond tool should always be 
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held by mechanical means when it is in use, except in cases which are 
unavoidable. 

As a means of preserving the diamond, a full stream of water 
should be run on it when in use, and many light cuts are preferable 
to a few heavy ones. The main thing is to watch that it does not 
get unduly heated, for this is disastrous. Where large quanti- 
ties of material have to be removed from a wheel, the ordinary wheel 
dresser may be employed to reduce the bulk of the stock, and the 
diamond only used for finishing to shape. 


Setting the Diamonds 


Diamonps may be obtained ready fixed in suitable holders, or the 
rough stones may be bought and set by any competent toolmaker. 
The illustrations show various methods by which they may be held 
securely, and require but little explanation. First, Fig. 1 is the 
method most commonly used, the diamond being either peened or 
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brazed in position. One disadvantage of this method is that the 
diamond is apt to break with a chance blow of the peening chisel, | 


or the heat from brazing will sometimes cause fractures; neither is 
it so easily reset when its point becomes dulled as are the other 
settings shown. Fig. 2 requires no explanation, except that it is 
advisable to pack the diamond with shredded asbestos fiber to act 
as a cushion; this method allows of quick resetting. Fig. 3 consists 
of a small steel cap tapped out to fit the stock as shown. Enough 
shredded asbestos fiber is inserted between the diamond and stock 
to hold it firmly in position. This method also allows of quick and 
safe resetting. 


ARTIFICIAL ABRASIVES AND GRINDING WHEELS 


_ Artificial aluminous oxide is an abrasive material widely employed 
in the manufacture of grinding wheels. 


Owing to the great variety of names under which this very useful | 


material is sold, some who may be quite familiar with artificial 
aluminous oxide, might not recognize it by that particular title. 
The following list of names, from the American Machinist, are known 
to the trade. 

Alowalt, Aloxite, Aluminoid, Alundum, Bathite, Boro-Carbone, 
Borolon, Clevite, Excelite, Hytens, Natalite, Orelite, Oxaluma, 
Oxylum, Rex, Rexite, Staralox, Sterlite. if ; 


Be 
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FACTORS AFFECTING GRINDING-WHEEL SELECTION 


The selection of a grinding wheel for a given piece of work is not 
a guess—neither is it calculable by mathematics. Grinding plays 
an important part in our modern manufacturing processes, and an 
understanding of the factors involved in selecting a grinding wheel 
for a certain job is extremely helpful to the shop superintendent, 
methods engineer, foreman or workman. The following general 
factors govern grinding-wheel selection: 


Given conditions: 
t. Material to be ground. 
2. Amount of material to be removed and finish desired. 
3. Arc of contact. 
4. Type of grinding machine. 
Influential variable factors: 
rt. Wheel speed. 
2. Work speed (or pressure if hand grinding). 
3. Condition of machine. 
4. Skill of the workman. 


1. Material to be Ground.—The composite effect of several 
physical properties of a material to be ground largely governs the 
selection of the type of abrasive to be used. For materials that are 
neither very brittle nor very easily penetrated, crystalline aluminum 
oxide wheels have been found most suitable. Most materials for 
which this abrasive is better adapted are comparatively high in 
tensile strength. Therefore, beginning with the hardest and tough- 
est of alloy steels, down to and including the tougher grades of 
bronze, aluminum oxide grinding wheels should be used. 

For materials that are very easily penetrated, such as leather, 
and for those which are hard but very brittle, such as stone, silicon 
carbide wheels are more suitable. Cast and chilled irons offer 
moderate resistance to penetration and are sufficiently brittle 
compared with hardened steel to make silicon carbide the more 
effective abrasive for them. Also other materials of low tensile 
strength, such as soft brasses and bronzes, aluminum and copper, 
are more efficiently ground with szlicon carbide grinding wheels. 

2. Amount of Material to be Removed.—The amount of material 
to be removed by the grinding wheel and the finish desired influence 
the selection of the grit size, because, where comparatively large 
amounts of material have to be removed by grinding, the coarser 
grain combinations should be employed to facilitate the rapid 
removal of stock. This applies particularly to hand-grinding opera- 
tions like snagging castings, where finish is no consideration, but 
rapid cutting qualities are essential. 

Finish is dependent to a considerable extent on grit size used, 
except on machine-grinding operations, where proper truing and 
dressing facilities afford a means of obtaining fine finish without 
the sacrifice of production usually accompanying the use of fine 
grit wheels. 

8. Arc of Contact.—The arc of contact, or the area of contact, has 
a very important bearing on the grain and grade selection, By 
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the “arc of contact”’ is meant the length of the arc (measured along 
the periphery of the wheel) that is in contact with the work being 
ground. The two extremes of the length of this arc are illustrated 
by Figs. 4 and 7. The difference in the length of the arc of contact 
in these two extremes is actually rather small, but the effect of this 
difference on the grinding wheel is great. In the first case a medium- 
hard wheel is required, whereas only the softest grades will grind 
satisfactorily in the second case. 

In the case of cup or cylinder wheels where the grinding is done 
on the rim, the arc of contact develops into an area of contact and 
the effect of a change from a small area to a large area is even more 
marked than with a straight wheel. The extremes here range from 
the grinding of steel balls, where practically “ point contact’’ 
exists, to the grinding of broad, flat surfaces. ‘To select a wheel 
suitable to the variations in the area of contact, grades F to Z 
(Norton) have to be employed, 


| 


Fic. 4 Bieia5 Fic. 6 Fics. % 
Grinding Grinding Large Dia. Grinding Internal Grinding 
Small Dia. Flat Surface 


Contact of Grinding Wheel 


The ‘‘arc of contact” and ‘‘area of contact” should not be con- 
fused with the ‘“‘width of contact.” By “width of contact”? is 
meant the width of the wheel in contact with the work in the case 
of cylindrical grinding, or the width of the rim in the case of cup and 
cylinder wheels. Width of contact has practically no effect on 
the cutting action of a wheel, provided, of course, pressure per 
unit area remains constant and there is sufficient power in the drive. 
In other words, there should be no difference in the cutting action of a 
wheel x inch wide and another 4 inches wide, or a cup with 1-inch 
rim or one with a 2-inch rim, provided the pressure per unit area 
remains the same. 

4. Type of Grinding Machine.—In the majority of cases when a 
grinding wheel has to be selected for a given job, the grinding 
machine is already available and becomes an important factor in 
grinding-wheel selection. Heavy, rigidly constructed machines 
take softer wheels than lighter, more flexible types. Some machines 
set up greater vibrations than others, thus calling for finer and 
harder wheels. The combination of speeds and feeds on some 
precision machines makes the use of different kinds of wheels 
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necessary. Plane-surface grinding machines making use of the 
rim of a cup or cylinder wheel require much softer wheels than 
plane-surface machines using the periphery of a straight or disk 
wheel, 


Influential Variable Factors 


1. Wheel Speed.—Too slow a speed means waste of abrasive 
without getting much useful work.in return, and an excessive speed 
may retard cutting and if carried too far might become dangerous. 
Run a grinding wheel at somewhere near the speed recommended by 
the maker, as he has found by years of experience that certain 
speeds work better than others. The grits and grades usually 
recommended for certain grinding operations are based on the 
assumption that approximately the recommended speeds will be 
employed. If for some reason they cannot be, then the grade at 
least must be changed to suit this condition. 


RECOMMENDED WHEEL SPEEDS* 
Surface Feet 


per Minute 
Cyindnicalerinding SP Pen eee eet oe Te 5,500- 6,500 
TRO |e SUITS IAN TR see is evanses puoi agoumyen) Os 2,000- 6,000 
Snagging, offhandverinding... 00... cane ee eee 5,000- 6,000 
Snageing,|rubber-wheels. 094090... a ee ee 9,000-10,000 
Surmicewerinding cess, 4 DW. yeMIGR 4,000- 5,000 
Remimenerinc ine... WC. = | eR, . SRORIIE ORM, 3,500- 4,000 
Hemmingnoylinders:. 4.) dui to elaitereat. sel io... 2,100- 2,400 
Wet-toolenndingsyol . tiveaaate, alent obs e.. 5,000- 6,000 
Cutlery Wieels raw ke al ee oa oe AR 4,000- 5,000 
Rubber and elastic cutting-off wheels.............. 9 ,000-10,000 


* The higher speed is recommended only for the larger wheels. 


2. Work Speed.—In machine grinding, speed of work exerts a 
very pronounced effect on the grinding wheel and hence has to be 
allowed for in grinding-wheel selection. In general, fast work 
speed, whether the operation be cylindrical, surface or internal 
grinding, tends to wear the wheel out faster than slower work speed. 
This is not necessarily a\drawback to good grinding practice, but it 
must be understood to be properly controlled. 

Wheel wear is dependent on the ratio of the surface wheel speed 
to the surface work speed. ‘The higher the ratio the less work the 
wheel is required to do in a given amount of time, hence the wheel 
naturally wears at a slower rate. If the ratio is decreased by 
increasing the work speed the wheel will be required to do more 
work in a given time and will wear faster. 

In general, the longer the arc of contact in precision grinding 
operations, the faster should be the speed of the work, in order 
to have the wheel cut properly. 

In hand grinding, the rate at which the work is forced against 
the wheel or the method of applying the work exerts an influence 
on grade selection. The harder the grinding wheel is forced, the 
harder should be the wheel if abrasive economy is to be expected. 
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3. Condition of the Grinding Machine.—A grinding wheel is a 
refined tool (as is a milling cutter) and cannot work to good advan- 
tage on a machine in poor repair or not properly set up. In such 
cases allowances must be made at least in the selection of the 
grade of the wheel. Spindles loose in their bearings necessitate the 
use of very much harder wheels than would be used under normal 
conditions. Insecure or shaky foundations cause no end-of trouble 
in grinding, because hard grades have to be employed to overcome 
the tendency of the wheel to wear rapidly, and thus cutting qualities 
are sacrificed. 

4. Personal Factor or Skill of the Workman.—The workman’s 
knowledge of the tool he is using and its limitations is an important 
factor in the use of grinding wheels, just as much as in the use of 
other refined tools. It has been found that on hand grinding it is 
possible for grinding costs to vary 100 per cent on the same work 
and with the same kind of a machine in the same factory, due to the 
difference in the man’s methods of applying the work to the wheel. 
Even in machine grinding, the operator can vary the results and 
grinding costs by his methods of handling the machine. 


1. Factors affecting the selection of the abrasive: 


Carbon steels 
Alloy steels 


Use aluminous | High-speed steels 
abrasive grind- } Annealed .» malleable 
ing wheels for iron 


materials of high | Wrought iron 
tensile strength | Tough bronzes 


A. Physical prop- Tungsten, etc. 
erties of the 
material to be Gray iron 
Sround pk : Chilled iron 


Use silicon carbide | Brass and bronze 
grinding wheels | Aluminum and copper 
for materials of ; Marble 


low tensile | Granite 
strength Pearl 
Rubber 


Leather, etc. 


2. Factors affecting the selection of the grit: 

A.Amount of material to be {Use coarse wheels for fast 
TEMOVEG 74 stents eye tae removal of stock. 
BaeFinishidesiredwy;. sf. Gis. facut Use fine grain for fine finish. 

: Use coarse grain for ductile 

C. Physical properties of material materials and finer grain 
to'beiground }. 32), Doane wd) S for hard, dense or brittle 

materials. 


3. Factors affecting the selection of the grade (degree of ee : 


A. Physical properties of the {Use hard wheels on soft 
material to be ground........ materials and vice versa. 
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( The shorter the contact, the 

BATE of contact) 1) Mo SPF} harder the wheel should 
be. 

The higher the ratio of wheel 
speed to work speed the 
softer the grade should be 
and vice versa. 

Machines in poor condition 
require harder wheels than 
machines in good condi- 


C. Wheel speed and work speed. . 


D, Condition of grinding machine 


tion. 

Skilful operator can use 
softer wheels than 
unskilled man—softer 
wheels mean more econom- 

#, Skill, of, operators «.. sei -e ical production. 


Piece-work grinding usually 
calls for harder wheels 
than day work. 


4. Factors affecting the selection of the process: 

Wheels subjected to bending 
strains should be made by 
elastic or rubber process. 


Extremely thin abrasive saws 
A. Dimensions of wheel......... must be made by the elas- 
tic or rubber process. 


Wheels over 36-inch diam- 
eter are usually made by 
the silicate process. 

Use vitrified wheels for most 
rapid cutting at speeds 
under 6,500 s.f.p.m.; rub- 
ber wheels at higher speed. 

Use elastic or rubber wheels 
for highest finish, where 
rapid production is not a 

peinish Cesired cpt j(syc)iee aed «ara factor. 


BaRatetol cutting....h2)..} 02.4 


Use silicate wheels to replace 
sandstones on cutlery, etc. 


Grinding-Wheel Recommendations 


A grain and grade list such as this reaches its maximum usefulness 
only after its purpose is familiar to the user. The following table 
lists many of the common grinding operations. The column “First 
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selection’? lists wheels that should be tried first. The wheel speeds 
on page 337 should be used and the wheels of a size commonly used 
for the work, with the machines in good operating condition. 


ABBREVIATIONS USED IN THE FOLLOWING TABLE 


SiGe slieis ain eter ae sta Silicon carbide abrasive 
Al ni). ce ea iene Se ae emia Aluminous abrasive 
)Y A nen NY ERIE SE RIN Coal Vitrified process 
Sul age ic eed Rab Ioan SS ie -oohebee Oaks eenlere Silicate process 
RUD.» ie si Lisiguetalieliyayeyiaeode tee eee eee te Rubber process 
Blas) s+ iataressgnc a Seales Mere aaa Se me Elastic process 


The letters V and S placed before the word ‘‘elastic” indicate 
that the wheels are made of special elastic bonds. 

Grinding wheels are sometimes made of a combination of grains 
and are designated as, for example, 24 combination. A combina- 
tion wheel with a mixture of fine, coarse and medium grain sizes 
has a different cutting action from a straight-grained wheel and is 
desirable for certain operations, particularly cylindrical grinding. 
Such wheels are designated by C, as 24C-K. 


Grapes OF Norton GRINDING WHEELS 


é | Vit. | Sil. | Elas. | Rubber 

AARON Ee CERT pa je ne G ¥ 2 

H bal I 

iI if 14 
Soft oh boy dial dees eves sien etre herte J J ma 

K K 2k 

it; i 3 R3 

: M M 4 R4 

Mediurn 3h 550s-baaisiio: N N 

O O 5 R5 

ie 12 

R 

ETAT te sorta : ; : 

S S R8 

cE Ty 

U; 
Meryshar di. Wp etie., shaky! WwW Ro 

Z 


The majority of the wheel manufacturers employ the above 
system of grading for vitrified wheels. ‘There are a few-exceptions, 
as the Carborundum Co. and the Safety Emery Wheel Co. The 
former utilize the alphabet in the reverse manner, that is, the 
hardest wheel is grade D and the softest grade U. 
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TABLE OF GRINDING WHEEL RECOMMENDATIONS ON THE BASIS 
or Norton GRAIN AND GRADE SYSTEM 


* First Selection 


2 Abrasive 
Work and Operation Aaa Peace aban aay 
Aluminum: 
(COON eo Oe ce SiC Vit. 40 J 
Al. Elas. 
Surface (cups and cylinders) | Al. Vit. 24 J; 
META ci cetrars othe & 5 onal « SiC Elas. 30 13 
RN OUI ee ace fb S aca brene e's le Al. Elas. 36 5 
Armatures (laminations) : 
Gyamdricals 7-5. \).. sar es Al. Vit. 36 I 
Axes (soft-steel) : 
MGMT INO No crac ci cso) sih oie) cis onthe Al. Vit. 20 U 
BRIN ort ch by :v, ole ep ioks Al. Vit. 36 R 
JAA Ee ee Se Al. Vit. 46 L 
SANS Eee yeasl si Sinys) sibese. sey ntaushtet's Al. Vit. from 
30-Z to 180-Z 
according to 
size, hardness 
and finish 
Balls (hard-large) : 
Brhal finishing....|.......... Al. Vit. XF Z 
Balls (hard-small) : 
PAU TAMISHIN G1 sspeiashnse leis «++ SiC Vit. XF Z 
Ball races+radial..........6.-% Al. Sil. 20 J to 70-K 
Al. Vit. 
Finish grooying............. Al. Elas. 120 4 
Rough and finish grooving: 
Inner race, one operation. .| Al. Elas. 80 4 
Rough and finish grooving in 
@ne. operation... \...... our. Al. Rub. 80 R4 
Bits (auger): 
Grinding throats........2... Al. Rub. 36 R8 
TUN Tee ysktamilale wh sc ew Gg AT a Al. Rub. 70 R8 
Brass: 
MATICAL see Se cake «0.5 gsr» SiC: Vit. 36 J 
VIDOE AICI P55 ayaa b or » sponds SiC Vit. 36 ih 
Surfacing (cups and cylinders)| SiC Vit. 24 H 
ROUTE So coe ene bine = ialagipiay SiC Vit. 24 Q 
CUMIN POLE i <2 bio aie  ggeigons SiC V-Elas. 36 V6 
Broaches: 
SSUES) Raine Sener Al. Vit. 46 K 
Al. Vit. 
Bronze (hard); 
Galindrical oh... feos +0 siatefe Al: Vit. 24C K 
MRERUIIALS sie col ora «+ « + as 'ahol 9 Al, Vit. 60 i 
SHC CO ee eer Al. Vit. 24 Q 
(C204) 0 001-310 ORR aera MR rR Al. V-Elas. 36 V6 
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TABLE OF GRINDING WHEEL RECOMMENDATIONS ON THE BASIS 
or Norton GRAIN AND GRADE SystEM—Continued 


First Selection 


. Abrasive 
Work and Operation ud Process aie Fetae 

Bushings (hardened-steel) : 

Cylindrical aa, Shaye Al. Vit. 46 K 

Internal:....:% cea neuen Al. Vit. 46 K 

Centerless (roughing)....... Al. Vit. 60 L 

Centerless (finishing)........ Al, Elas. I20 4 
Bushings (cast-iron) : 

Cylindrical wba as oe SiC Vit. 36 i 

Trdternal. ean. wet eens SiC Vit. 36 J 
Cams (rough forging): 

ROUEHING ne. ter eee Al. Vit. 30 ig 
Cams (hardened-steel) : 

Finishing (vitrified wheels). .] Al. Vit: 24C K 

Al. Vit: 

Finishing (elastic wheels)... .| Al. Elas. 46 3 
Cam rollers (hardened-steel).. .| Al. Vit. 24C M 
Car wheels (chilled-iron)....... SiC Vit. 16 Q 
Car wheels (steel).....0.05.... Al. Vit. 20 iP. 
Car wheels (Manganese steel). .| Al. Vit. 16 Q 
Carbon (soft): 

Cutting) off aa anh. SiC Rub. 16 R8 
Carbon (hard, round, small): 

Cutting offs Re sees SiC V-Elas. 60 V5 
Carbon (hard, round, large): 

Cutting: of ys dicen eee. SiC Rub. I4 R8 
Cast iron: 

Cutting off Sy. ai tee SiC V-Elas. 36 V7 

Cylindrical... .chivo-hiye cet Sie vate 36 J 

iivernale: «amare Bit epee SiC Vit. 36 iT 

Surfacing (cups and cylinders)| SiC Vit. I4 H 

Surfacing (straight wheels). ,] SiC Vit. 30 iis 

Snagsing Oko on. Pee SiC Vit. 20 S 
Chasers (thread): 

SuUBfacing 28.5. sn ae Al. Vit. 46 J 

Grinding throats............ Al. Elas. 60 3 
Chilled iron: 

SBaeeing Pee | kan De Si€ Vit: 24 S 

Surfacing (cups and cylinders)| SiC Vit. 20 I 

Surfacing (straight wheels). .| SiC Vit. 36 a 

Cylindrical (see Rolls) } 

Chisels: i 
Surfacing (cups and cylinders)} Al. Elas. 46 5 
Edging (cups and cylinders) .| Al. Vit. 60 M 
Sharpenimor ess. ii: WaWe™ os Al. Vit. 46 M 


eee 
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TABLE OF GRINDING WHEEL RECOMMENDATIONS ON THE BASIS 
or Norton GRAIN AND GRADE SysTEM—Continued 


First Selection 


: Abrasive 
Work and Operation nad Proceka th Pie. 
Commutators: 
Roughing (wheels)..........] SiC Elas. 46 23 
Al. Elas. 
Finishing (wheels).......... SiC Elas. 80 2 
Al. Elas. 
Both operations (wheels)... .| SiC Elas. 60 3 
Roughing (bricks).......... Al. Elas. 80 24 
Finishing (bricks)...........] Al. Elas. 120 14 
Connecting rods: 
Hirpemna Wasa. Ress iceles a th Ys Al, Vit. , 60 K 
Surfacing (cups and cxlind&ss) Al. Vit. 30 I 
Copper: 
Cylindrical (also see Rolls). ..| SiC Elas. 70 1} 
Cutting off.. SiC Rub. 24 R8 
Surfacing (cups and cylinders) SiC Vit. 14 H 
Crankshafts (pins and bear- 
ings): 
ROUCDINEG. oscillates « ste ye Al, Vit. 36 Q 
RANE So os = dah. o,oyoresagel age Al, Vit. 50 O. 
Snagging (for balancing)... .| Al. Vit. 20 R 
Cutter sharpening machine... .| Al. Vit. 46 K 
Cylinders (gas engine) : 
Internal (new cylinders, 
prheels)s LGUs. 1 occ oth SiC Vit. 36 H 
Regrinding (wheels)......... SiC Vit. 36 H 
Honing (new cylinders, sticks)} SiC Vit. 180 M 
Rehoning (sticks, roughing). .} SiC Vit. 60 Ly 
Rehoning (sticks, finishing) . .} SiC Vit. 180 M 
Dies (forging): 
OICAMIT MS he isc 5 cde. oa eM Al, Vit. 60 R 
Dies (threading): 
Chamfering (cone wheel)... .} Al. Vit. 80 P 
Drills: 
Cutting Off ......}0.6..52.) AL S-Elas. 46 Ss 
Cylindrical..O}. .2...j...-. hPa. Vit. 50 N 
Centerless: 
Roughing Ss. ....)... 20h. Al. Vit. 80 L 
mashing... 5 phe ee poe ee Al, Elas. 120 5 
Precision sharpening........ Al. Vit. 46 L 
Point thinning .............| Al. Elas. 5° 2 
Forgings: 
ELT a Al. Vit. 20 R 
Frogs and switches: 
ESRC olen rary srcerrey rin snmoroses Al. Vit. 14 R 
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TABLE OF GRINDING WHEEL RECOMMENDATIONS ON THE BAsIs 
oF Norton GRAIN AND GRADE SystEM—Continued 


First Selection 


: Abrasive 
Work and Operation and Drosce ao Ede 
Gages: 
Cylindrical. %......6..  .agheb. Al. Vit. 80 K 
Gages (U. S. thread, coarse 
pitch): 
Grinding threads........... Al, Vit. 120 K 
Gages (U. S.. thread, — fine 
pitch) ; é 
Grinding threads........... Al. Vit. 200 M 
Gears (hardened-steel) : 
Form precision grinding... .. Al. Vit 50 Kk 
Generative precision grinding | Al. Vit. 60 J 
Internal. Was: chat ae ee Al, Vit. 46 Kk 
Surfacing (cupsand cylinders)| Al. Vit. 30 H 
Surfacing (straight wheels). .| Al. Vit 50 I 
Glass (lenses) : 
Td pan phat it 9k eel Ue Al. Vit. 200 M 
Surfacing, (tories). 4. ice: « Al. Vit. 100 N 
Guide bars: 
Surfacing (segments or cylin- 
rs) 4 eas. ich sen BLAS Al. Vit 16 M 
Surfacing (straight wheels)..| Al. Vit 24 ‘i 
Hammers (claw): fbi 
Grinding between claws..... Al. Rub 40 R8 
Neck grinding. ....).... 364 ! Al. Vit. 30 Pa 
Knives (molding): 
Offhand sharpening......... Al, Vit. 36 My 
Knives (machine) : Oi 
Shatpening oft... <)>. . afte, bade Silo 36 J 
Knives (paper): 
Sharpening’. oi... th ic eds Al. Sil. 36 iJ; 
Knives (pocket): 

Machine surfacing.......... Al. Elas; 60 V6 
Offhand surfacing........... Al, Sil. 120 O 
Links (locomotive): ay! 
Machine grinding........... Al. Vit 46 pi 22 

Machine shop grinding: 
General offhand........../. Al. Vit 24 Q 
Monel metal: 
Cutting off. te... .chs.. ake TAL Rub. 16 R8 
Al. S-Elas. 160 “$8 
SDA OI Seen 5 stoi hte pa ee Al. Vit. 24 sw 8) 
Needles: 
POMUD Ea cics ses ole. cos | AlaeV ate 70 P 
Pec SA SS ee a © 2) fp nS (OPINION 8 a 
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TABLE OF GRINDING WHEEL RECOMMENDATIONS ON THE BASIS 
or Norton GRAIN AND GRADE SystEmM—Continued 


First Selection 


F Abrasive 
Work and Operation PDE Sous fiber rea 
Pins: 
ROMMUINS opens 4 sca Gite eG Al, Vit. 120 R 
Pistons (aluminum): 
OmMGTICAL, «ojo. Fo. 0: vanssflet- 293 SiC Vit. 36 AR 
Al, Elas. 
Pistons (cast-iron): 
Gylindricaly 3). 14 os aye: SiC Vit. 36 K 
Piston pins: 
Cylindrical machine......... Al. Vit. 60 L 
Al. Vit 
Centerless machine: 
MVOUTOID HPP oe ee a es Al. Vit. 60 L 
PRHTITSIUT Tile Bis vce el vale ays Al. Elas. 120 4 
Piston rings (cast-iron or semi- 

steel) : 

Cylindrical i.e ae. Slee SiC Vit. 36 K 
Surfacing roughing (cylin- 

EUS) SAS RNOaE, BAE ep rear es SiC Vit. 20 Ji 
Surfacing (straight wheels)..} Al. Vit. 50 N 
Internal (offhand)..... 2... ; SiC Vit. 20 Q 

Piston rods (locomotive): 
(Gyabinveh ao) Sens eee ee Al. Vit. 24C L 
Pulleys (cast-iron): 
yginidrical: O00 ea Cary SiC Vit. 30 ale 
Rough with pulley grinder: 

(Cylinder wheel).......... SiC Vit. 24 I 
Finish with pulley grinder: 

(Cylinder wheel).......... SiC Elas. 70 2 

Rails (welds) : 
Surfacing: 
IVICEIS ERA Goce cls wees ante si Al. Vit. 20 O 
HAMS 3 vee a task wielh a 5.8 Al. Vit. 24 N 
Razors: 
RSOMCA VINE a cadens c anys Al. Vit. 60 O 
Safety sharpening........... Al. Vit. XF i 
Reamers: 
BeCKING Offs ss As occ esth os Al. Vit. 46 K 
Gbndrical: |). 5...4. 05.3 5-4) ALU Vite 46 K 
Al. Vit. 
PIED PG iye. 2 Jes aes aside E Al. Rub. 80 R8 
Al. S-Elas. 


Roller-bearing cups: 
Galindsical. 24. 4e.. 66 feed Al. Vit. 60 dl) 
BITC RA TEN ola? We sino dea fo snk ities» Al. Vit. 60 K 
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TABLE OF GRINDING WHEEL RECOMMENDATIONS ON THE BAsIs 
or Norton GRAIN AND GRADE SystemM—Continued 


First Selection 


, ; Abrasive 
Work and Operation and eons Ghain Grade 

Rollers for bearings: 

Cylindrical. . Pi io [ae CER i Too O 
Rolls (brass or copper) : 

Cylindrical (roughing)....... SiC Elas. 46 2 

Cylindrical (finishing)....... SiC Vit. I0o i 
Rolls (cast-iron): ~ 

Cylindrical (roughing)....... SiC Vit. 30 K 

Cylindrical (finishing)....,..| SiC Vit. 80 J 
Rolls (chilled-iron) : 

Roughing.,.c. cedemecie cece SiC Vit. 36 L 

Finishiiv..3( 45 aetoeaierctctets Al. Elas. 70 1} 
Rolls (hard-rubber) : 

Cylindrical (roughing and 

saver] bbbe lg papier, «Se 6 Rt | SiC Vit. 36 K 

Rolls (soft-rubber) : 

Cylindrical (roughing and 

Gnishin gS) sii ascent SiC Vit. 36 K 

Sad irons: 

Surfacing (cupsand cylinders) oe seh tia 20 H 

i 

Surfacing (offhand)......... sic Vit. 16 N 
Safes: 

SDALCING occa n ch abe cl-/o ean ete Al. Vit. 16 Q 

Surtacine push nck oes oe Al. Vit. 20 O 
Saws (circular): 

Gumming 2" ....7 kbar eee: Al. Vit. 46 M 
Saws (metal-cutting) : 

Gitimming. sche a tees oe eaves 60 P 
Spline shafts: 

Cyndi cals Bi tes dehodieiapegts Al. Vit. 46 K 

Surfacing splines............ Al. Vit. 46 K 
Springs (leaf): 

Grindingieyesii da. 2 «costs Al. Vit. 24 Q 

CMamiferin gy ewiete sc «| weeds Al. Vit. 24 Q 
Steel castings (low-carbon): 

Snagging (floor stand)....... Al. Vit. 14 R 

Snagging (portable machine) | Al. Vit. 24 R 
Steel castings (manganese): ; 

Snagging (swing frame)..... Al. Vit. 14 Pele: 

Snagging (floor stand)....... Al. Vit. 16 Q 
Steel (hardened): 

Cxlind ical: 6. cenenre Al. Vit. 24C K 

Surfacing (cupsand cylinders)| Al. Sil. 30 G 
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TABLE OF GRINDING WHERKL RECOMMENDATIONS ON THE Basis 
or Norton GRAIN AND GRADE System—Concluded 


First Selection 


ets Abrasive 
Work and Operation aaPaceeas uc Gude 
Surfacing (straight wheels). .| Al. Vit. 36 H 
RSUCCINIVOM fo bbe ie cele dw ores Al. S-Elas. 46 S4. 
MEVCETRGLS Pyles low) baie Ccaes vial Al. Vit. 60 J 
Steel (soft) : 
POSISTICA psc tigrivs die et r,s: 9 Al. Vit. 24C M 
Surfacing (cupsand cylinders)| Al. Vit. 10 i! 
Surfacing (straight wheels). .}| Al. Vit. 36 K 
LO UNA Al. Rub. 36 R8 
Internal grinding..,.......: Al. Vit. 40 iG 
Steel (high-speed) : 
Surfacing Cra ahabgiindatst Al. Sil, 40 G 
Surfacing ptraight whe ela) Al, Vit. 46 G 
Cutting off. . by cobs Wie ROU EOL y 60 4 
orion TG SS ve a ee Al. Vit. 46 J 
Stellite: 
Surfacing (cups and cylinders)} Al. Sil. 46 G 
Surfacing (straight wheels). .| Al. Vit. 40 G 
PN etIN SO. Wis ls ech e Al. Elas. 40 5 
Offhand tool grinding.,..... Al, Vit. 40 M 
Be ot 
minding relief... Ps. 0 ee Al. Vit. 60 N 
aL Al Mntinee ati cdal eens Al. S-Elas. 46 So 
PPIMBAGINE Need hw clivv Ried: veg Al, Vit. 150 L 
Shanks (cylindrical).........) Al. Vit. 80 L 
Tools (lathe and planer): 
Bight othand.is ois conde os Al. Vit. 46 N 
Heavy (offhand)............ Al. Vit. 30 O 
Using large wheels.......... Al. Sil. 24 22 
Automatic (cap wheel),..... Al. Vit. 24 L 
Automatic (straight wheel). .} Al. Sil. 40 M 
Tungsten rods: 
NOMBULE Qs dv gos ayer ees te Al. Rub. le) Ro 
Valves (automobile) : 
Grinding seats............4. Al. Vit. 60 N 
Cylindrical grinding stems. ..| Al. Vit. 40 M 
Welds: 
NORPATIITIG hidais. cas 9 ates ays Al. Vit. 24 Q 
Worms: 
Grinding threads APA as ae Al. Vit. 36 K 
Wrought iron: * 
MME RIND, es sip rigee ahs Al. Vit. 20 R 


gradings of the leading — 
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STANDARD GRINDING WHEELS 


Adopted by the Grinding Wheel Mfr’s Assoc. in 1925, and 
greatly reducing the number of wheels to be carried in stock. 
Fig. 1 shows the 12 faces adopted. The wheel shapes are shown 
in Figs. 2 and 3. 


TABLE 1.—SizEs oF MACHINE SPINDLES FOR DIFFERENT WHEELS 


Thickness of Wheel in Inches 
Diameter in 


Inches 
i fala 21 nafrafca 2|2if2ufaa|s |safsal 44] 5 
6 4) 4) 4] 4) 4} apd } 3) 3) 2) 2) 2) dx jr iz 
7 WAY AA Lal xr |r fr 
8 B] 3] 8] 8} 8) 8 a) dfn fr fr jx jx jx jx jrdjrdizd 
9 PREG SRE RII IE 
TO 2) 2] 2) 2) 2} dfx fx dx frbirdrdyrdirdirdiraiz 
12 a3) a) a) ale leo fr |x fx fx [rd}ed|cdlrd{cdlrats * 
I a} oF] Gl. alr fz De UES US ABE Ups ea dbs des dd bS be (bs Ub 
I SEARS ARS RS ICS ACHES UES Ee dR UE Pris Ia 
18 beubeubevpadbeubeubaubeadieubalbeqhejbedbe ibe’ 
20 ABS UES UGS bs UBS (STS UB 1p | kd ll Pl 
2 Third cdl rz rei riirdirkir}j2. 12 2 |2 |2 
2 TAlrd{rzirP]ri[rP]2 (2 }2 |2 |2t/2d2} 
30 Teir}]2 [2 Ja {2 2) jatjadiesiag/ag 
36 2 |2t}ahjatjasjasj2}2ti2il3 |3 


No user of wheels should operate on any machine of given spindle 
diameter a wheel of larger diameter or greater thickness than 
specified in the following table. 

The proper size of spindle to use for any wheel from 6 to 36 
inches in diameter and from } to 5 inches thick, is shown in Table 
1. Standard internal grinding wheels for new installations are 
given in Table 2. 


TABLE 2.—STANDARD INTERNAL GRINDING WHEELS 
(Dimensions in Inches) 


ee ee ae 

t $ If } 
; 3 rt ; 
3 ts 2 : 
3 ts 2 t 
3 4 2} t 
i rs 3 t 
t t 32 $ 

I n 4 rj 

I 3 4 I} 

1} ; 
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Cylinder Bros 7 are: 
Diameters, 22, 2%, 3) 32, 4, 43. 
Thicknesses, 4 C pea uphit wp 
Arbors, $, 14. 
Recess, 12 X } for hole. 2} X 3 for 1} hole, all dimensions 
being in inches. 
Cutting-off wheels are made in 6-, 7-, 8- and t2-inch diameters. 
The 6-, 7- and 8- inch, are made Boi. as and % inch thick. The 


12-inch wheel is made @ gz and § inch thick. 


ER MTT, 


STANDARD DIMENSIONS OF PROTECTION FLANGES 
(All Dimensions in Inches) 


B Radial Width of D hice 
A Mingmam AIG) WIGREND Minimum | pesos 
Diameter Outside Bearing Surface Thickness a iseaess 
of Wheel Diameter )|77. 7p] (| «CO Of Blange ieee Edge 
of Flanges | yinimum | Maximum| + Bore | of Recess 
1 1 
pete a | 
2 < s 16 8 32 
3 I 8 £ 16 33 
3 3 2 
4 14 1s 8 16 é 
5 13 t6 ‘ A 5 
6 2 Zz 2 vy is 
1 
8 a0 ra H Hi 36 
Io 32 16 8 8 t 
I2 4 16 8 2 1s 
3 1 
14 42 ® 4 2 xs 
16 52 2 I 2 is 
18 6 3 8 5 
5 
20 7 xsioacy |) LaF | : 
22 72 8 ae 8 is 
24 8 i Ig 8 16 
26 8} t It 3 2 
28 Io t 1} ra 3 
4 F 
30 Io $ 13 £ 3 
36 I2 I 2 8 i 


Tapered protection flanges shall always be used with tapered wheels having 
the same degree of taper, which should be atleast inch perfoot for each flange. 
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Recommended and Maximum Speeds.—The speeds shown 
in column A of the following table should not be exceeded, except on 
recommendation of the wheel manufacturer, and in no case should 
speeds shown in column B be exceeded. 

Note—Some manufacturers are willing to recommend higher 
speeds for precision grinding and on rubber-bonded wheels. 


A 
Standard Maximum 
Wheel Classification Peripheral Peripheral 
Speed, Feet Speed, Feet 
per Minute per Minute 


°3| Cup and cylinder wheels when 
§.4| used for rough grinding, on 
| bench, floor, portable ma- 
8 CHINES ELC! Ge.< c, asiiph nis ein oe 4,500 5,500 
#2 
>| All other vitrified and silicate 
bonded wheels:,........../.. 5,000 6,500 
33 Rubber-bonded wheels........ 8,000 10,000 
vo 
as 
bela Shellac-bonded wheels used for 
a3 Cuttin gsotce! moc... PRE xy 8,000 10,000 
8a 
2m All other shellac-bonded wheels 5,000 6,500 
ms 


The vast number of abrasive wheels in use upon the class of 
machines commonly known as bench and floor grinders, grinding 
wheel stands, emery grinders, etc., and which are so generally in 
service at various points about the machine shop, blacksmith shop 
and foundry, makes it desirable that something should be said here 
in reference to the best methods of mounting wheels on such 
apparatus. 

In the first place, the machine itself should be of rigid construc- 
tion, with spindle of ample proportions; the bearings should be well 
fitted; and kept well oiled so that the arbor will not become over- 
heated and, by expanding, break the wheel; and the machine should 
be securely fastened on substantial foundations not only to insure 
safety but in order to secure better results with the wheel. 

Protection flanges should always be used on wheels 6 inches and 
larger, especially where not provided witb protection hoods, chucks 
or bands. 

The flanges should be recessed at least 75 inch, and they should 
have a true bearing at the outer edge as shown. (See table on 
page 350 for sizes.) ‘The inner flange should never be loose but in 
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all cases should be fixed on the spindle. The bore in the outer 
flange should not be more than 0.002 inch larger than the spindle. 
Wheels must not be allowed to run when held only by a nut in 
place of a flange, as the nut is liable to crawl and cause accident. 

Compressible washers of pulp or rubber, slightly larger than the 
flanges, should be used between the flanges and the wheel as shown 
at A, Fig. 8. These distribute the pressure evenly when the 
flanges are tightened, by taking up any imperfections in the wheel 
or flanges. 

The hole in the wheel bushing should be 0.005 inch larger than 
standard size spindles. This permits the wheel to slide on the 
spindle without cramping and insures a good fit not only on the 
spindle but against the inside flange, which is essential. 


This Flange to 
be Keyed or 
on 


Me 
Shaft \~ Easy Fit on Shaft 


These Flanges should 
be Kolloved: with Boaring 
Nour Outer Edgo only 


Fic. 8.—Right and Wrong Way to Mount Wheels 


The flanges should be tightened only enough to hold the wheel 
firmly, thus avoiding unnecessary strain. 


. General Suggestions 


HANDLE all wheels with the greatest care in unpacking, storing, 
delivering, etc. Wheels are frequently cracked by rough usage 
before they are placed on the grinding machine. The man in charge 
of the storeroom should inspect each wheel before giving it out to the 
workman. 4 

Wheels should be stored in a dry place. . 

A wheel used in wet grinding should not be left overnight partly 
immersed in water. 

All new wheels shall be run at full operating speed for at least r 
minute before applying work, during which time the operator shall 
stand at one side. 
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When mounting wheels the nut should not be screwed up too 
tight; it should be set up only enough so that the flanges hold the 
wheel firmly. 

Keep all rests adjusted close to the wheel so that work cannot be 
caught. 

Avoid heavy pressure of the work on the wheel when grinding. 
Work should not be forced against a cold wheel, but applied gradu- 
ally, giving the wheel an opportunity to warm and thereby mini- 

mize the chance of breakage. ‘This applies to starting work in the 
morning in cold rooms, and to new wheels which have been stored 
in a cold place. 

Keep the wheel true by dressing frequently. Wheels should be 
occasionally tested for balance, and rebalanced if necessary. 

If a wheel vibrates, there is something wrong. It should be 
trued up and the boxes should be rebabbitted after the journals are 
trued up. 

Never hack a wheel; it is unnecessary and dangerous. 

Use wheel guards wherever possible (see page 357). 
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ape 
ountersunk Dovetail 


. 
Flaring Cu | 
Wheels of this type canbe furnished with beveled face | 


Type Nob FH Straight Cup 
Wheels of this type can be furnished with beveled face 


[Recessed Two Sides " Type No.|4 


HAR Offset 


Fic. 9. 
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Dotted lines show 
angle of bevel for 
E-taceon glass wheels 


Fic. 1o.—Standard Faces of Grinding Wheels 
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Speed Tables, Rules for Surface Speeds, etc. 


TuE table below gives the number of revolutions per minute at 
which grinding wheels of diameters ranging from 1 to 60 inches must 
be operated to secure peripheral velocities of 4,000, 5,000, 5,500 and 
6,000 feet per minute. Ordinarily a speed of 5,000 feet per minute 
is employed, though sometimes the speed is somewhat lower or 
higher for certain cases. 


GRINDING WHEEL SPEEDS 


Diameter R.p.m. for R.p.m. for R.p.m. for R.p.m. for 
' Wheel in | Surface Speed | Surface Speed | Surface Speed | Surface Speed 
Inches of 4,000 Feet | of 5,000 Feet | of 5,500 Feet | of 6,000 Feet 
I 15,279 19,099 21,000 22,918 
2 7:039 9,549 10,500 11,459 
3 5,003 6,366 75350 7,039 
4 3,820 4,775 5250 55739 
5 3,056 3,820 4,200 4,584 
6 2,546 3,183 3,500 3,820 
7 2,183 2,728 3,000 39274 
8 I,QIo 2,387 2,600 2,865 
Io 1,528 I,QIo 2,100 2,292 
12 1,273 1,592 1,759 1,910 
14 1,091 1,364 1,500 1,637 
16 955 1,194 1,300 1,432 
18 849 1,061 I,150 1,273 
20 764 955 I,050 1,146 
22 694 868 950 1,042 
24 637 796 875 955 
26 586 733 800 879 
28 546 683 75° 819 
30 509 637 700 764 
32 477 596 650 716 
34 449 561 620 674 
36 424 531 580 637 


The exact speed at which any specified wheel should be run 
depends upon several conditions, such as the type of machine, 
character of work and wheel, quality of finish desired and various 
other factors referred to at other places in this book. Wheels are 
ordinarily run in practice from about 4,000 to 6,000 feet per minute, 
though in some cases a speed as high as 7,500 feet has been employed. 
An average speed recommended by most wheel makers is 5000 feet. 
To allow an ample margin of safety it is recommended that wheel 
speeds should not exceed 6000 feet per minute. 


| 
| 
| 
| 


; 
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GRINDING ALLOWANCES FOR VARIOUS LENGTHS 
AND DIAMETERS 


/ 


Table rt shows the practice of the Landis Tool Company, in the 
material left for grinding. This table covers work up to 12 inches 
diameter, and lengths to 48 inches. 


TABLE 1.—ALLOWANCES FOR GRINDING 
(Lanpis Toot Co.) 


Table 2 gives the allowances of the Brown & Sharpe Mfg. Co. in 
rough turning work for the grinding department. Limit gages of 
the “‘snap” type are used, the dimensions in the table covering work 
up to 2 inches diameter. 
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TasBLe 2.—Liuwit GAGE SizEs ror LATHE Worx WuicH Is TO BE 
FINISHED BY GRINDING 
Brown & SHARPE Mrc. Co. 


Size ee Go on | Size Noes Goon | Size | Meee Go on 
Inches | Inches | Inches 

% | 0.383 | 0.387 té | 0.9455 | 0.9405 | I 2 | 1.508 | 1.512 

we | 9.4455 | 0.4405 | I 1.008 1.012 Iie | 1.5705 | -1.5745 
4 | 0.508 0.512 Iqds | 1.0705 | 1.0745 if 1.633 1.637 

Ye | 0.5705 | 0.5745 | I} | 1.133 I.137 I T.6955 | 1.6905 
§ | 0.633 0.637 13s | 1.1955 | 1.1905 | I 2? | 1.758 1.762 

# | 0.6055 | 0.6005 | r 3 | 1.258 1.262 rie | 1.8205 | 1.8245 
4 0.758 0.762 Is | 1.3205 | 1.3245 | I & | 1.883 1.8875 
0.8205 | 0.8245 | I #] 1.383 1.387 rte | r.0455°] 1.949 

$ | 0.883 0.887 Ize | 1:4455 | 3.44905 | 2 2.008 2.012 


MAGNETIC CHUCKS 


Macnetic chucks have come to be a very necessary part of the 
equipment of any surface-grinding machine, whether plain or rotary. | 
Before their coming it was customary to bed thin work in wax on the | 
platen of a grinder in order to finish the flat sides. Other flat work | 
had to be held in “fingers” on special fixtures, and on account of | 
their being very thin and easily sprung, it was difficult to secure | 
really accurate work. 

The magnetic chuck holds the thinnest pieces of iron or steel | 
firmly, draws down any slight spring in the work and prevents 
springing when strains are released during the grinding operations. 

The chuck face is divided into magnet poles, separated by babbit 
or other non-magnetic metals, and coils of insulated wire from these 
into electromagnets when current is applied. For rotary work, the | 
electric current is supplied by brushes running against insulated | 
contact rings on the outside. Current can be supplied from any | 
incandescent lamp socket on a direct current circuit. 

Alternating current cannot be used. 

A chuck having a face 10 X 14 inches uses about one-halfas _ 


much power asa 16 candle-power lamp. I 


, 


Hints for Using Magnetic Chucks 


The chucks should not be taken apart. | 
Nothing but iron or steel can be held on the chucks. | 
The holding power depends on the amount of work surface in con- | 

tact with the chuck. pee 
Work can be held on edge by using adjustable back rest. oT 
Very thin work can be held for grinding on the edges by laying it | 

against the back rest and backing it up with a parallel strip. i 
Thin work will not hold as well as thick work. ; 


. 
i] 
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Tn packing a number of small pieces on a chuck at one setting, it 
is better to separate them a little with strips of non-magnetic 
material. 

Do not plug up the vent holes in the chuck. 

Keep water away from the switch, the brushes and the interior of 
the chuck. 

Magnetic chucks do not take the place of all other chucks. 

_Do not use water on chucks except where they are made for it. 

Chucks are usually wound for 110 or 220 volts for direct current 


only. 
LAPPING 


LAppinc may be defined as the process of finishing the surface of 
a piece of work by means of another piece of material, called a lap, 
the surface of which is charged with an abrasive. 

Laps are roughly divided into three general classes. First, those 
where the form of the lap makes a line contact with the work, and 
the work is, if cylindrical, revolved to develop the cylindrical form, 


\ 


Fre. 11.— A Lapping Plate for Flat Work 


or, if straight, in one direction, is moved back and forth under the 
lap. Second, those which are used for straight surfaces with a full 
contact on the lap, and third, those which are used for male and 
female cylindrical surfaces with a full contact on the lap. In all 
cases the material from which the lap is made must be softer than 
the work. If this is not so, the abrasive will charge the work and 
cut the lap, instead of the lap cutting the work. 

The first class is used in the place of emery wheels, either where 
the work is too small to use an ordinary wheel or where a form is 
to be ground on the work and an emery wheel will not keep its 
shape. They are usually made of machinery steel and the abrasive 
used is crushed diamond rolled into the surface. In rolling in the 
diamond dust the sharp corners of the particles cause them to bed 
securely into the surface of the lap, and if a good quality of diamond 
is used, a lap will grind all day without recharging. Oil is used to 
lubricate the work and carry away the dust from the grinding. Ifa 
diamond lap is run dry the particles of diamond tear and raise “‘burs”’ 
in the work, which strip the lap very quickly. The speed’should be 
about two-thirds that for an emery wheel of the same size; for if it 
is excessive, the lap will wear smooth and glaze instead of cutting. 
This kind of lap is used mainly in watch and clock shops, and shops 
making watch tools, sub-press dies, and similar work. 
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Lapping Flat Surfaces 


In lapping flat surfaces, which are usually on hardened steel, a 
cast-iron plate is used as a lap anda good abrasive. In order 
that the plate may stay reasonably straight, it should either be quite 
thick, or else ribbed sufficiently to make it rigid, and in any case it 
should be supported on three feet, the same as a surface place. For 
rough work or “blocking down,” as it is called, the lap works better 
if scored with narrow grooves, about 3 inch apart, both lengthways 
and crossways, thus dividing the plate into small squares, as in Fig. 
iz. The abrasive is sprinkled loosely on the block, wet with lard oil 
and the work rubbed on it; care is taken to press hardest on the high- 
est spots. The abrasive and oil get in the grooves, and are continu- 
ally rolling-in and out, getting between the plate and the work and 
are crushed into the cast iron, thus charging it thoroughly in a short 
time. About No. roo or 120 emery is best for this purpose. 


After blocking down, or if the work has first been ground on a _ 


surface grinder, the process is different. A plain plate is used with 
the best quality of flour of emery as an abrasive, as the least lump 
or coarseness will scratch the work so that it will be very hard 
to get the scratches out. Instead of oil, benzine is used as a lubri- 
cant, and the lap should be cleaned off and fresh benzine and emery 
applied as often as it becomes sticky. ‘Che work should be tried 


from time to time with a straight-edge and care taken not to let the | 


emery run in and out from under the work, as this will cause the | 
edges to abrade more than the center, and will especially mar | 


the corners. After getting a good surface, the plate and work should | 


be cleaned perfectly dry, and then rubbed. The charging in the | 


plate will cut just enough to remove whatever emery may have 


become charged in the work, take away the dull surface and leave | 


it as smooth as glass and as accurate as it is possible to produce. 


Some grind flat work to within 0.0005 inch of size and lap to - 


within 0.0005 inch on a type-metal lap charged with flour emery, 
The lap is used dry and cleaned with benzine. Crocus powder 
on a cast-iron lap gives a high polish. 


Laps for Holes 


In lapping holes various kinds of laps are used, according to the | 
accuracy required, and the conditions under which the work is) 


done. The simplest is a piece of wood turned cylindrical with a 


longitudinal groove or split in which the edge of a piece of emery | 


cloth is inserted. This cloth is wound around the wood until it) 
fills the hole in the work. This is only fit for smoothing or enlarg- 
ing rough holes and usually leaves them more out of round and bell- 
mouthed than they were at first. Another lap used for the same t 


purpose—and which produces better results—is made by turning a 
piece of copper, brass, or cast iron to fit the hole and splitting it 
longitudinally for some distance from the end. Loose abrasive is) 
sprinkled over it, with lard oil for a lubricant, and a taper wedge is) 
driven into the end for adjustment as the lap wears. 
_ For lapping common drill bushings, cam rolls, etc., in large quan-| 
tities, where a little bell-mouthing can be allowed, and yet a reason-| 
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ably good hole is required, a great many shops use adjustable copper 
laps made with more care than the above. One way of making 
them is to split the lap nearly the whole length, but leaving both 
ends solid. One side is drilled and tapped for spreading screws 
for adjustment. Either one screw half-way down the split may be 
used or two screws dividing the split into thirds. Another and 
better means of adjustment is to drill a small longitudinal hole a 
little over half the length of the lap, enlarge it for half its length, 
and tap the large end for some distance. ‘This is done before split- 
ting. Into this hole a long screw with a taper point is fitted so that 
when tightened it tries to force itself into a small hole, thus spread- 
ing the lap. 


Fic. 12,—Laps for Holes 


For nice work there is nothing better than a lead lap. Lead 
charges easily, holds the abrasive firmly and does not scratch or 
score the work. It is easy to fit to the work and holds its shape 
well for light cuts. Under hard usage, however, it wears easily. 
For this reason, while laps for a single hole or a special job are some- 
times cast on straight arbors, where much lapping is done it is 
customary to mold the laps to taper arbors with means for a slight 
adjustment. After any extensive adjustment the lap will be out of 
true and must be turned off. All of these laps, as shown in Fig. 12, 
are to be held by one end in a lathe chuck, and the work run back 
and forth on them by hand, or by means of a clamp held in the hand. 
If a clamp is used care should be taken not to spring the work. 


How to Do Good Lapping 


THERE are several points which must be taken into consideration 
‘in order to get good results in lapping holes. The most important 
is that the lap shall always fill the hole. If this condition is not com- 
plied with the weight of the work and the impossibility of holding 
it exactly right will cause it to lap out of round, or if it is out of round 
at the start the lap will be free to follow the original surface. If the 
lap fits, it will bear hardest on the high spots and lap them off. 
Next in importance to getting a round hole is to have it straight. 
To attain this end the lap should be a little longer than the work, so 
that it will lap the whole length of the hole at once, and not have a 
tendency to follow any curvature there may be in it. What is 
known as bell-mouthing, or lapping large on the ends, is hard to pre- 
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vent, especially if the emery is sprinkled on the lap and the work 
shoved on it while it is running. The best way to avoid this condi- 
tion when using cast-iron or copper laps, which do not charge easily, 
is to put the emery in the slot, near the center of the lap, and after 
the work is shoved on squirt oilin the slot to float the emery. ‘Then, 
when the lathe is started the emery will carry around and gradually 
work out to the ends, lapping as it goes. Where lead is used the 
emery can be put on where it is desired to have the lap cut and rolled 
in with a flat strip of iron. It will not come out easily, so will not 
spread to any extent, and it is possible with a lap charged in this 
manner to avoid cutting the ends of the hole at all. The work 
should always be kept in motion back and forth to avoid lumping 
of the emery and cuttings which will score grooves in the work. 


Ring Gage and Other Work 


Rincs gages are lapped with a lead lap. They are first ground 
straight and smooth to within .ooos inch of size, and then, when 
lapped, are cooled as well as cleaned, before trying the plug, by 
placing them in a pail of benzine for a long enough time to bring 
them down to the temperature of the room. Some shops leave a 
thin collar projection from each side around the hole, so that, if there 
is any bell mouthing, it will be in these collars, which are ground 
off after the lapping is done. 


Fic 13.—A Lap for Plugs 


Other metals are lapped in this same manner, except that the 
abrasive is different. Cast iron is lapped with emery, but charges 
to some extent. This charging can be taken out without changing 
the work materially by rubbing it by hand with flour of emery cloth. 
In lapping bronze or brass, crocus and Vienna lime are used. Crocus 
is used with a cast-iron or lead lap, and the charging is removed by 
running the work for a few seconds on a. hardwood stick which fits 
the hole. Unslaked Vienna lime, freshly crushed, is used with a 
lead or hardwood lap, and does not charge. It does a nice job, but 
is very slow, and is only used in watch factories. 


For lapping plug gages, pistons and other cylindrical articles, a 


cast-iron lap is usually used, split and fitted with a closing and a 
spreading screw, as shown in Fig. 13. Sometimes, where a very fine 
finish is required, or where the work is not hardened, the hole is 
made larger than the work, and a lead ring cast into it. 


ADJUSTABLE STEP LAP FOR PLUG GAGES 


The step lap, Fig. 14, can be used to advantage for plug gages. 
It is of gray cast iron, and the end hole A adjusted to size. The lap 
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is used at this hole until it refuses to cut. The plug gage is then 
entered into hole B without changing the adjustment. This hole 
is used up, and the plug gage is passed to holes C and D. 

As the holes are all made one size, and as the plug gage becomes 
smaller at each hole, there is less wear on the lap as the plug is 
passed from hole to hole. ‘The holes retain about the same pro- 
portions and save measuring for sizes very often, when rough-lapping 
the plugs to within o.ooor inch of finish size. As a finishing 
lap for size, it requires very few trial measurements with the 
' micrometer or ring gage. 
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Fic. 14.—Step Lap for Plug Gages 
There is a tendency among workmen to use an excessive rotary 
speed when lapping a plug or ring. A speed that will make the 
work just comfortably warm to the hand is about right. Speed 


above this rate has a tendency to bake the oil and abrasive, which 
is a detriment to smooth and fast cutting. 


DIAMOND POWDER IN THE MACHINE SHOP 


Tue diamond used for this purpose is an inferior grade of diamond, 
not so hard as the black diamond used for drills and truing emery 
wheels, and not of the clear and perfect structure to permit it tc 


Fic. Fics 


Fic. 17 


Fic. 18 


Fic. 15 


enter the gem class. Many are mixed black and white, others 
yellow and some pink; many are clear but flaky. Then there is the 
small débris from diamond cutting, which is reduced to powder 
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and sells somewhat cheaper; but some find it more economical to 
use the above and powder it themselves, as the débris from diamond 
cutting is of a flaky nature, and does not charge into the lap so well. 

Assuming there is 25 carats to reduce to powder, proceed as 
follows: 

Into a mortar, as shown at Fig. 15, place about 5 carats, using an 
8-ounce hammer to crush it. It takes from 3 to 4 minutes’ steady 
pounding to reduce it to a good average. Scrape the powder free 
from the bottom and the sides and empty into one half pint of oil. 
The oil used is the best olive oil obtainable, and is held in a cup- 
shaped receptacle that will hold a pint andone half. The 2 5 carats 
being reduced to powder, and in the oil, stir it until thoroughly mixed, 
and allow to stand 5 minutes; then pour off to another dish. The 
diamond that remains in the dish is coarse and should be washed 
in benzine and allowed to dry, and should be repounded, unless 
extremely coarse diamond is desired. In that case label it No. o. 
Now stir that which has been poured from No. o, and allow to stand 
to minutes. Then pour off into another dish. The residue will 
be No. 1. Repeat the operation, following the table below. 

The settlings can be put into small dishes for convenient use, 
enough oil staying with the diamond to give it the consistency of 
paste. The dishes can be obtained from a jewelers’ supply house. 


TABLE FOR SETTLING DIAMOND PowpER 


To obtain No. o— 5 minutes. To obtain No. 3—1 hour. 

To obtain No. 1—10 minutes. To obtain No. 4—2 hours. 

To obtain No. 2—30 minutes. To obtain No. s—ro hours. 
To obtain No. 6—until oil is clear. 


Diamond is seldom hammered; it is generally rolled into the 
metal. For instance, several pieces of wire of various diameters 
charged with diamond may be desired for use in die work. Place 
the wire and a small portion of the diamond between two hardened 
surfaces, and under pressure roll back and forth until thoroughly 
charged. No. 2 diamond in this case is generally used. Or one 
can form the metal any desired shape and apply diamond and use a 
roll, as Fig. 6, to force the diamond into the metal. This is then a 
file which will work hard steel, but the moment this diamond file, or 
lap, is crowded it is stripped of the diamond, and is consequently of 
nouse. Itis to be used with comparatively light pressure. 


Diamond Laps 


Copper is the best metal. It takes the diamond readily, and 
retains it longer than other metals; brass next, then bessemer steel. 
The latter is used when it is wished to preserve a form that is often 
used. 

For sharpening small, flat drills, say 0.008 to 0.100, a copper lap 
mounted on a taper shank, as in Fig, 16, and charged on the face with 
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No. 2 diamond, using pressure on the roll, makes a most satisfactory 
method of sharpening drills. The diamond lasts for a long time if 
properly used, and there is no danger of drawing the temper on the 
drill. It is much quicker than any other method of sharpening. 

To charge the lap use the roll, Fig. 17, supported ona T-rest press- 
ing firmly against the lap, being careful to have the roll on the 
center; otherwise instead of charging the lap it will be grinding the 
roll. The diamond may be spread either on the lap or the roll, and 
the first charging usually takes twice the amount of diamond that 
subsequent charging takes. To avoid loss of diamond, wash the 
_ lap ina dish of benzine kept exclusively for that purpose. This can 
be reclaimed by burning the metal with acids, and the diamond can 
be resettled. A narrower roll Fig. 18 is sometimes used. 

For the grinding of taper holes in hard spindles or for position 
work in hard plates, where holes are too small to allow the use of 
wheels, No. xt diamond does the work beautifully. Or if it 
is wished to grind sapphire centers or plugs as stops, etc., a bessemer 
lap made in the form of a wheel and charged with diamond on the 
diameter does the work nicely. 

Nos. 5 and 6 diamond are used on boxwood laps, mounted on 
taper plugs or chucks, and the diamond smeared on with the finger. 
The lap is run at high speed and used for fine and slow cutting 
which also gives a high polish. 


Other Abrasives for Lapping 


The abrasive flours commonly used for lapping have a grain 
averaging about 0.002 in. in diameter. For fine work the abrasive 
flours are mixed with oil and allowed to settle. The lighter parti- 
' cles remain in suspension and are poured off. They are graded 
according to the length of time they float—thus 30 minute abrasive 
means the particles have taken 30 minutes to settle. Some use 
water for floating, as oils vary so much in viscosity. The most 
used lapping lubricants are lard oil, machine oil, kerosene, gasoline, 
alcohol and turpentine. 


Tests of Lapping 


Tests made by Knight and Case show that laps charged by rolling 
cut the fastest and that a lap wet with lubricant cuts approximately 
twice as fast asa dry lap. The initial rate of cutting does not vary 
greatly with different abrasives. No advantage was found in 
using an abrasive coarser than No. 150. The rate of cutting is 
practically proportional to the pressure, 15 pounds being satisfac- 
tory. Laps wear as follows: Cast iron, 1.00; steel, 1.27; and 
copper, 2.62. In general, copper and steel cut faster than cast 
iron, but cast iron retains its form better. 

The table gives 15 combinations which gave good results in 
over 60 tests. 
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Goop LAPPING COMBINATIONS 


Carborundum—Steel lap —Lard oil 
Carborundum—Copper lap—Lard oil 


Carborundum—Cast lap —Gasoline 
Alundum —Copper lap—Soda water 
Carborundum—Cast lap —Turpentine 
Carborundum—Cast lap —Alcohol 
Alundum —Cast lap —Gasoline 
Carborundum—Copper lap—Turpentine 
Carborundum—Cast lap —Kerosene 


Carborundum—Copper lap—Soda water 
Carborundum—Steel lap —Machine oil 


Alundum —Copper lap—Turpentine 
Carborundum—Copper lap—Machine oil 
Alundum —Copper lap—Alcohol 


Carborundum—Copper lap—Alcohol 


REAMER AND CUTTER GRINDING 
Reamer Clearances 
Arter constant experimenting for a period of more than a year, 


the Cincinnati Milling Machine Company succeeded in establishing 
tables for four styles of reamers for obtaining what they consider to 


Fre. 19.—Cross-section of Hand Reamer 


be the best clearances, the object being to grind clearances on ream- 
ers which would ream the greatest number of smooth holes with a 
minimum amount of wear. The four styles of reamers are as fol- 
lows: Hand reamers for steel, hand reamers for gray iron and 
bronze, chucking reamers for gray iron and bronze, chucking 
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reamers for steel. “The company uses adjustable blade reamers 
almost exclusively, all of which are ground in the toolroom on their 
universal cutter and tool grinder. High speed steel reamers cling 
to nickel steel and do not cut it as well as carbon steel. 

Fig. 19 is a cross-section of a hand reamer. Two clearance lines, 
A and B, are ground on the blades, a being the cutting clearance and 
b the second clearance called for in the table. The object of 
giving the adjustment for the second Clearance so minutely is to 
provide a proper width of land, which equals .o25 inch on all hand 
reamers for gray iron or bronze, and 0.005 inch on hand reamers for 
steel. Chucking reamers for gray iron and bronze. have, in this 
system, 23-degree beveled ends as shown in Fig. 20, and are provided 
with two clearances along the blades, for which the settings are 


Fic. 20.—Chucking Reamer Fic. 21.—Chucking Reamer 
Blade for Gray Iron and Bronze Blade for Steel 


given in Table 3. The beveled ends have only one clearance which 
is equal to the second clearance given in Table 3. Fig. 21 showsa 
chucking reamer for reaming steel. In these reamers the blades 
are circular ground to the exact size of hole to be reamed and with- 
out clearance, the 45-degree beveled ends only having clearance as 
givenin Table 4. On all reamers of this style the blades are ground 
from .ors to .o20 inch below size half of their length toward the 
shank end. 

In grinding the clearances for the various kinds of reamers as 
given in Tables 1, 2, and 3, the tooth rest is held stationary on the 
emery wheel head of the grinder, while in grinding the 45-degree 
beveled ends on the chucking reamers for steel, the tooth rest is 
supported from the grinder table and travels with the work. The 
front end of the hand reamer blades are tapered about 0.004 per 
inch. The back ends of the blades are also slightly tapered to 
prevent injuring the holes when backing the reamer out. 
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REAMER CLEARANCE Set. Tooth_ Rest 

. A Below Work 

Ground with Cup Wheel 3’”” dia—Tooth Rest to be Set | Holding Centers. 
Central with Grinding Wheel Spindle. Set Work Amount given 
holding Centers above Emery Wheel Center by Below in Table 


Amount given below in Tables No. 1-2 and 3. No. 4 
TABLE 1 TABLE 2 TABLE 3 TABLE 4 
Hand Reamer for Steel | Hand Reamer | C hucking | Chucking Ream- 
Cut’g Clearance Land for Cast Iron Reamer for ers for Steel Cir- 
006 Wide and Bronze Cast Iron and cular Ground 
Cut’g Clear- Bronze Cut’g 
ance Land Clearance 
.025 Wide Land 25 
Wide 
= 
oa 
Sy Pee ae) Se | ee ee aoe ees 
oy 33 og $a 83 Es oa © 38 
8 Ae oy a 5 q 7 Oe 3 
ef | Og | |e | OF | 4g | oe | AE | See [ous 
oP Ee) Oo bO 0 nO 50 AMM | x00 
n ia & iF ics & & < <7 
Ded O12 052 032 072 .040 .0o80 | 45 Degrees; .080 
a5” O12 057 032 072 040 .080 | 45 oe 080 
yy O12 062 032 072 040 o90 =| 45 e 090 
3)” O12 067 035 005 .040 too =| 45 z 100 
ach O12 072 035 095 040 -I0o | 45 ny 100 
33” O12 O77 037 .095 045 125145 cue +125 
4” O12 082 040 120 045 ran | Qoens 2125 
$5” O12 087 040 120 1045 faginiasy is 125 
pif O12 092 040 120 045 125.4 45q-) ne 125 
Ips” O12 097 .040 +120 045 E25 |] 4S sry oe 125 
14,” O12 102 040 120 045 125 P45 ees +125 
Ip,” O12 106 .042 122 045 EA5IICAS Ot 125 
iy O12 112 045 +145 050 160 |45 °° ff 160 
If” O12 118 045 “145 050 160.45 uke 160 
4 Oh O12 122 O45 145 050 160 | 45 s 175 
Iya” O12 127 045 +145 O55 sE75 b \eA5 Ah “175 
xh 14 O12 132 048 168 055 «875, |: 45 eee 175 
O12 137 050 170 1055 525-45. oe 175 
I O12 142 050 170 .060 .200 | 45 us 200 
si O12 147 O50 170 060 200 |45 +200 
I O12 152 052 «192 .060 -200 | 45 * 200 
r}3” O12 157 052 -192 .060 «200 | 45 BS .200 
iE” O12 162 056 +106 060 +200 | 45 et 200 
138” O12 167 056 196 064 200. 145.5 *) \s|) .200 
au O12 172 056 216 064 ZA | vA Sl ake 225 
2p,” O12 172 056 216 064 +224 | 45 rs 225 
BS bd O12 172 259 219 064 .224 | 45 ss +225 
af, O12 172 050 219 064 224 | 45 oe 225 
2” O12 172 063 223 064 224 | 45 ss 1225 
2h, O12 172 063 223 064 224 | 45 ui 1225 
23” O12 172 063 223 068 228 |4s “** 230 
2, .O12 172 .063 223 068 228 | 45 se +230 
ay” O12 172 065 +225 072 gauulsqagen wk +230 
ain” O12 1y2 265 225 072 .232 1 45 st 230 
2b ”, O12 172 065 225 075 235- \has- “ae age 
24h” O12 172 065 225 075 265 wi gargs 235 
ai” O12 172 065 225 O77 237. 145 7% «240 
c Mount Tooth 
Mount Tooth Rest on Grinding Wheel Head Rest on Table 
of Machine 


REAMER CLEARANCE 


369 


REAMER CLEARANCE 


Ground with Cup Wheel 3” dia.—Tooth Rest to be Set 


Central with Grinding Wheel Spindle. 


holding Centers above Grinding Wheel Center by 
Amount given below in Tables No, 1-2 and 3. 
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Tooth Rest 
Cup WHEEL CLEARANCE TABLE ||Disk WHEEL CLEARANCE TABLE 
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ih .006 -090 4 -176 +250 
12 077 105 4t 187 -205 
2 .088 .120 43 .198 281 
2t -099 +135 43 +209 +297 
ah -IIO .150 5 +220 312 
24 121 165 + 231 -328 
3 5132 .180 53 +242 +344 
3h “154 .210 53 -253 +359 
4 -176 +240 6 «204 375 
4h .198 270 64 275 * 390 
5 +220 +300 64 286 .406 
54 +242 330 63 297 -42I 
6 204 360 7 308 437 | 
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CENTERLESS GRINDING 


In centerless grinding the work is supported at two points 
and ground by revolving it between these supports and the wheel. 


, Frorm Top of Work 
! Rest to Centerline 
s¥_ of Grinding Wheel 


SIN 


Work Rest 
Fic. 22.—Centerless Grinding Diagram 


Originally, both supports were stationary, but present practice 
replaces one support with an abrasive wheel, asin Fig. 22. This is 
usually a finer wheel and runs at aslowerspeed. ‘The stationary 
support should be on the center line of the two wheels, as shown, 
so that the center of the work will be above this line. 

Straight work is fed through automatically between the wheels, 
the rate of feed depending on the angle between the axis of the 
regulating or feed wheel, and*that of the grinding wheel. The 
angle varies up to 1o degrees. The supporting guide must be 
parallel to the line of contact of the work with the regulating wheel. 
Speed of the regulating machine varies from 11 to 442 r.p.m. in 
the Cincinnati machines and the standard regulating wheel has a 
4-inch we Both speed and angle affect the quality and quantity 
of work. 

Average roughing cut is from 0.005 to 0.008 inch per pass; finish- 
ing cut is from 0.003 to 0.oors inch per pass. When work is rela- 
~ tively straight but out of round, the regulating wheel should be set 
at a slight angle, giving a small lap per revolution. When pieces 
are warped, as from hardening, an angle of 5 or 6 degrees will give 
a wide lap per revolution and straighten the work. With the 
proper angle for best results, the speed of regulating or feed wheel 
should be increased to the limit established by the requirements of 
accuracy and production. 

In form or shoulder grinding the work does not feed through, 
but is placed between the wheels and the regulating wheel moved 
intoastop. This is called ‘‘in-feeding.” 


PROTECTING CUP AND SECTIONAL WHEELS 


pe Cups, cylinders and sectional ring wheels shall be either pro- 
_ tected with hoods, enclosed in protection chucks, or surrounded 
with protection bands. Not more than one-quarter of the height 
of such grinding wheels shall protrude beyond the provided pro- 
tection. Where the thickness of the rim of such wheels is less than 
2 inches, the maximum distance which the wheel may protrude 
beyond the provided protection shall not exceed 1 inch. If the 
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thickness of the rim is 2 inches or more, the wheel may protrude 
2 inches beyond the protection, but shall not exceed this amount. 


GUARDS FOR ABRASIVE WHEELS 
The safety code prescribes guards for abrasive wheels as shown 
in Fig. 23. The diagrams gave the amount and the position of 
the openings for grinding machines of different types. 


Fic. 23—Wheel Guards 


DUST EXHAUST 


“Hoods on machines used for dry grinding and other operations 
where dust is produced shall have provision made for connection 
to an exhaust system. 

“The size of such connections shall be in conformity with the 
following specified dimensions: 


Medium 
Diameter 
of Branch 
Diameter of Wheel Pipe, Inches 
6 inches or, less in: diametersa. fuer gah sete ieee 3 | 
7 to 16 inches in diameter..................-...55. 4 
17 to 24 inches in’ diameters 20", S23, SS OS eee 5 
25 to 30 inches in diametérsvnen: « poset ert eaten 6 | 


“A modification of the above requirements will be allowed in the 
case of narrow wheels used for light work where very little dust is 
generated and where a smaller pipe will satisfactorily remove it.” | 


POLISHING WHEELS 


THERE are many varieties of polishing wheels in use, the principal 
kinds being known as wooden wheels, compressed wheels, canvas | 
and muslin, sea-horse and felt wheels. For good work, and economy | 
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in abrasive, glue and labor cost, wheels and methods must be 
selected to suit the work. 

A few years ago, the wooden wheel covered with leather and 
turned to fit the piece to be polished, was universally used. At the 
present time, the wooden, leather-covered wheel is used largely on 
flat surfaces and on work where it is necessary to maintain good 
edges. When this kind of a wheel is made with a double coating of 
leather, it makes a first-class finishing wheel. 

Compressed wheels, or wheels having a steel center are made with 
surfaces of leather, canvas or linen. Many tool shops are equipped 
with these wheels exclusively. They answer all purposes and are 
safer and more economical than wooden wheels. 

They are also used largely on cutlery and for polishing chilled 
plows. The compressed wheel is of strong construction, is very 
durable and easily kept in balance. 

Canvas and muslin wheels are used extensively for polishing 
stoves, shovels, plows, brass, cast iron and steel. For roughing out 
and dry fining on irregular pieces, they have proved very satisfac- 
tory. They hold the abrasive well and require no washing off as 
they can be cleaned with a buff stick or an abrasive brick. 

Many concerns, such as plow-, shovel- and hoemakers, buy the 
canvas and muslin and make their own wheels. 

Sea-horse wheels are very expensive, most concerns buying the 
hides and making their own wheels. 

Where a high-grade polish is required, there is probably no wheel 
which can compare with the wheel made of sea horse. They are 
largely used on guns, pistols and cutlery. 

Felt wheels are largely used by stovemakers for finishing surfaces. 
Bull neck wheels are also used for this purpose. 

The felt wheels are made from white Spanish and Mexican felt 

_and are extensively used for finishing on certain classes of work, 


Care of Polishing Wheels 


PoxisHinc wheels should be kept in perfect balance and running 
true at all times. A wheel out of balance wastes time, glue and 
abrasive, and will not do as good work. 

The most efficient glue and the best abrasive are the cheapest in 
the long run. 

The glue pots should be kept clean and the glue properly cooked 
before using. 

It is also important to heat the abrasive before applying. 

The wheels should be kept properly cleaned and eporouenly 
covered with the abrasive. 

The wheels should be selected for the particular work the same 
as in grinding and only the wheel best adapted should be used at all 
times. 

Polishing operations are usually divided into three classes: rough- 
ing, dry fining, and finishing or oiling. 
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The abrasives used for roughing usually run from numbers 20 to 
80. For dry fining, from numbers 90 to 120. The numbers used 
for finishing run from 150 to Xf. 

For both roughing out and dry fining, the polishing wheels 
should be used dry. For finishing, the wheels are first worn down 
a little and then oil, beeswax, tallow and similar substances are 
used on the wheel. This, together with the abrasive, brings up a 
fine finish. 


Speed of Buffing Wheels 


Wood, leather covered............- 7,000 ft. per minute 

Wralrus4, fee Bae ce caus mere tis 8,000 ft. per minute 

FRAG” Wh CCLS id ace ac camila caiote ae aaa iia 7,000 ft. per minute 

Hair-brush, wheels: % : s.r c:sevieye ig ale 12,000 ft. per minute 

Ohio, grindstone. ovis. icen orate till 2,500 ft. per minute 

Huron grindstone ...,,.++++++e+++++ 37500 ft. per minute 
SAND BLASTING 


For cleaning castings and metal work, sand is used under air 
pressure. A sand that will pass through a No. 8 mesh screen is 
best for most purposes. Some work requires a very fine sand. 

Air pressure varies from 2 to 5 pounds for frosting glass, 15 to 20 
pounds for brass. and iron castings, 30 to 75 pounds for steel castings, 
30 to 35 pounds for steel car and locomotive work. The average 
pressure is from 20 to 30 pounds. 

Sand. must be kept dry to prevent clogging nozzles. Pebbles 
are sometimes used with large nozzles to give a kind of peened finish. 
The operator should protect his nose and mouth with a wet sponge 
or respirator, and his hands with gloves. 

With 25 to 30 pounds of air pressure a }-inch nozzle will use about 
200 pounds of sand an hour, 


Cusic Freer or Free Are per Minute REQquirED FOR NOZZLES 
oF VARYING DIAMETERS 


Diger, Air Gage Pressures in Pounds 
Nozzle 
in 
Inches 5 | 10 | sats} 20 | 2S | 30 35 | 40 50 


4 15.4] 21.8] 26.7] | 30.8] 34-5: 40 44.7| 49 58.2 

ry 34.6! 49 60 69 77 90.-| 100 II0.5| 130 
61.6] 87 107 123 138 161 | 179 | 106 232 
96.5) 136 167 193 216 252 | 280 307. 304 
133 196 240 277 310 362 | 400 442% | 522 

t 189 267 326 378 422 493 | 550 60r 710 
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OILSTONES AND THEIR USES 
Natural Stones 


Tue following particulars regarding the well-known Arkansas and 
Washita stones are given by the Pike Manufacturing Company: 

Arkansas stones are made from rock quarried in the Ozark moun- 
tains of Arkansas, and are prepared for commercial purposes in two 
grades, hard and soft. 

Hard Arkansas is composed of pure silica and its sharpening 
qualities are due to small, sharp-pointed grains, or crystals, of hex- 
agonal shape, which are much harder than steel and will, therefore, 
cut away and sharpen steel tools. The extreme fineness of texture 
makes this stone, of necessity, a slow cutter, but in the very density 
of the crystals of which it is composed lies its virtue as a sharpener 

Soft Arkansas stone is not quite so fine-grained and hard as the 
hard Arkansas, but it cuts faster and is better for some kinds of 
mechanical work. It is especially adapted for sharpening the tools 
used by wood carvers, fiie makers, pattern makers, and all workers 
in hard wood. 

Washita stone is also found in the Ozark mountains in Arkansas 
and is similar to the Arkansas stone, being composed of nearly pure 
silica, but is much more porous. It is known as the best natural 
stone for sharpening carpenters’ and general woodworkers’ tools. 
This stone is found in various grades, from perfectly crystallized 
and porous grit to vitreous flint and hard sandstone. The sharp- 
ness of the grit depends entirely upon its crystallization, the best 
oilstones being made from very porous crystals. 

Tn addition to the regular rectangular sections, natural stones are 
made in such shapes as square, triangular, round, flat, bevel, dia- 
mond, oval, pointed, knife edge. 


Artificial Oilstones 


ARTIFICIAL oilstones are manufactured in a multitude of shapes 
and sizes and are adapted for sharpening all kinds of tools.. Such 
stones are made of alundum and crystolon, by the Norton Company, 
the former being known as India oilstones, the latter as crystolon 
sharpening stones. Similar shapes are manufactured by the Carbo- 
rundum Company and others. 

The stones are made in three grades or grits, coarse, medium and 
fine. The coarse stones are used in machine shops for sharpening 
very dull or nicked tools, machine knives and for general use where 
fast cutting is desired. 

Medium stones are for sharpening mechanics’ tools in general, 
ay particularly those used by carpenters and in woodworking 
shops. 

Tine stones are adapted for engravers, die workers, cabinet 
makers and other users of tools requiring a very fine, keen-cutting 
edge. 

Of the great variety of shapes a number adapted especially for 
machine shop purposes are illustrated. Of these, stones like No. 24 
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are for sharpening lathe and planer tools, and for use after grinding; 
No. 23, is for reamers; No. 14 for taps; Nos. 4, 7, 10 and 26 for dies. 

Two shapes for curved-edge woodworking tools are Nos. 10 
and 14. A rectangular shape for straight-edge tools, like chisels, 
plane bits, planer knives, scrapers, paper-cutting knives and other 
tools with broad flat edges, is No. 24. 

Some shapes suitable for die and tool work are shown by Nos. 
4, 7, 26, 28 and 50. There are frequently several sizes in each 
shape. 


How to Care for Oilstones 


Like anything else, an oilstone can be ruined by wrong treatment 
and lack of care. 

There are three objects to be attained in taking good care of an 
oilstone: first, to retain the original life and sharpness of its grit; 
second, to keep its surface flat and even; third, to prevent its glazing. 


W ee retell 


43419 °9 "8 


Fic. 24.—Oil Stone Shapes 


To retain the original freshness of the stone, it should be kept 
clean and moist. To let an oilstone remain dry a long time or 
expose it to the air tends to harden it. A new natural stone should 
be soaked in oil for several days before it is used. If an oilstone is 
kept in a dry place (most of them are) it should be kept in a box 
having a closed cover, and a few drops of fresh, clean oil should be 
left on the stone. 

To keep the surface of an oilstone flat and even simply requires 


care in using. Tools should be sharpened on the edge of a stone as | 


well as in the middle, to prevent it from wearing down unevenly, 
and the stone should be turned end for end occasionally. 

To restore an even, flat surface grind the oilstone on the’side of a 
grindstone or rub it down with sandstone or an emery brick. 

An oilstone can be prevented from glazing merely by use of oil or 
water. 

Either oil or water is used on a sharpening stone to float the 
particles of steel that are cut away from the tool, thus preventing 
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Lea from filling in between the crystals and causing the stone to 
glaze. 

Water—and plenty of it should be used on all coarse-grained 
natural stones. 

On medium and fine-grained natural stones and in all artificial 
stones, oil should be used always, as water is not thick enough to 
keep the steel out of the pores. 

Further to prevent glazing, the dirty oil should always be wiped 
off the stone thoroughly as soon as possible after using it. This is 
very important, for if left on the stone the oil dries in, carrying the 
steel dust with it. Cotton waste is one of the best things with 
which to clean a stone, and is nearly always to be found in a shop. 

_ If the stone does become glazed or gummed up, a good cleaning 
with gasolene or ammonia will usually restore its cutting qualities, 
but if it does not, then scour the stone with loose emery or sandpaper 
fastened to a perfectly smooth board. 

Never use turpentine on an oilstone for any purpose. 
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The Reo pin is made of 1.000 + pees special-carbon, cold-drawn 
steel. It is carbonized 0.03 inch deep and hardened according to 
specifications so as to maintain a scleroscope hardness of 70 to 80. 
It is rough ground on a centerless grinder where five passes are 
taken, reducing the size to 0.985—0.9865 inch, with only 0.0005 
inch removed in the last grind to prepare the pin for the series of 
finishing cuts. 

Three finishing cuts are taken, removing 0.001, 0.0005 and 0.0002 
inch at each cut. This last cut leaves the pin round and smooth 
enough so that the lapping machine can remove grinding marks. 

The lapping machine carries 27 pins. The faces of the laps were 
narrowed down to enable the ends of the pins to leave the outer 
and inner edge; thus tending to keep the two laps parallel. The 
work fixture is mounted upon a peg set 1} inches off the true center 
of the revolving lower lap, the upper lap being stationary. The 
lower lap runs 72 r.p.m. and, by using No, 500 carborundum and 
light cylinder oil, which is brushed on the work, 0.0002 inch is 
removed at the rate of 160 pins per hour. ‘The finish obtained is 
free from grinding marks, and has a good polish. The sizes of the 
finished pin are 0.9843 to 0.9844 inch, with a permissible taper 
of 0.0001 inch. To obtain this accuracy, it is necessary to relap the 
plates about. every 300 pieces. This usually takes about 2 to 3 
minutes, and.is easily done. : 

Grinding.—Crank pins are sometimes ground from the rough. 
It can be done with a vitrified wheel of about 36-0, running at 
6,600 feet per minute. The crank shaft runs at 90 r.p.m. and about 
4 inch of metal is removed. 

Crank pins are finished with wheels of alundum 24 C-L vitrified, 
or their equivalent, at 6,200 feet per minute and a work speed of 45 
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r.p.m. About to pins can be ground per hour and the wheel will 
grind ro before it is necessary to true it. 

For grinding Norton master cams for automobile shafts an 
alundum elastic wheel of 46 grain and grade 3, or its equivalent, is 
used at 3,800 'to 4,000 feet per minute. For rough grinding the 
wheel can be from 34 to 445 inches in diameter, but for finishing the 
master cam it must be between 3.998 and 4.002 inches. | 

Honing Cylinders.—Honing is used both in addition to grinding 
and to replace it. Where cylinders are ground first, the hones are 
usually alundum or carborundum blocks of about No. 180, They 
enlarge the bore about o.cor inch in about 1 min. After that 
they cut very slowly. 

Where cylinders are not ground, the first honing is usually done 
with No. 80 block arid finished with No. 180, removing about 0.002 
inch. 

The hones travel through the bore, projecting an equal amount 
at each end, and rotate at the same time. Some run the hones roo 
to 120 strokes a minute and revolve to to 15 times per minute. 
Others reverse this and run only to to 15 strokes and 100 to 120 
r.p.m. This is claimed to be easier on the hone connections. Still 
others run about 125 strokes and revolve the hone at 100 r.p.m. 
An average honing time is about 2 minutes, including the handling 
of the block. 

The hones are frequently spring mounted and follow the bore. 
Some mount them rigidly and remove more metal. 

The hones are flooded with a mixture of kerosene and paraffine oil, 
in the ratio of 15:1. The parafline is added solely because it is 
easier on the hands of the operator. A powerful magnet is placed at 
the end of the return pipe to the oil tank to catch the steel particles 
cut away by the hones. 

Hones are sometimes glazed very quickly, but the glaze is readily 
removed by carefully rubbing a piece of abrasive wheel or block 
on the surface. Removing the glaze makes it possible to hone from 
200 to 250 holes before truing the hones with the diamond. 

When truing becomes necessary, the hone blocks are locked in 
position on the heads and soaked in kerosene for several hours. 
They are then put in a lathe and trued with a diamond. After 
soaking they cut readily and wear the diamond very little. 

As evidence that there are high spots left by the grinding wheel 
that are removed by the hones, the effect on the size of the bore is 
cited by honing advocates. The hones will remove 0.001 inch 
from the bore of an average cylinder in about 1 minute. But the 
next minute or two they will remove very little. 

The allowance for grinding is from 0.006 to 0.007 inch. If 
the cylinders are reamed, it is customary to allow from o.o12 to 
0.015 inch for the reamer to bite into, rather than attempt to scrape 
out half this amount. 1978 

We are indebted to the Chandler and Reo Motor Car Co.’s for 
much of the data given. 


SCREW MACHINE-TOOLS, SPEEDS 
AND FEEDS 


BOX TOOLS AND CUTTERS 


THE general principles of two types of box tools using respectively 
tangent and radial cutters are represented in Figs. 1 and 2.. The 
former type is generally used for roughing and the latter for finish- 
ing. The tangent cutter in the type of box tool shown in Fig. 1 lies 
in a slot formed parallel to the bottom of the box but at an angle, 
usually ten degrees, with the front of the box, thus giving the 


Fic. 1.—Roughing Box Tool with Tangent Cutter 


desired rake at the cutting point. Finishing cutters of the type 
in Fig. 2 are straight on the end, located square with the work and 
ordinarily ground as indicated to give 7 to 10 degrees front clearance 
for steel and 5 to 8 degrees for brass. 
The tangent cutter is sharpened by grinding on the end, and com- 
pensation for the grinding away of the metal is made by adjusting 
the cutter forward, whereas in the radial type of cutter in Fig. 2, 
frequent sharpening cannot be done without resulting in lowering 
the cutting edge of the tool below the center of the work, unless a 
substantial part of the tool be sacrificed. _ The radial tool, however, 
is easily ground accurately on face a, which is the edge governing the 
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finish; while the corresponding face on the tangent tool is rather 
difficult to grind so as to produce as smooth work. 

The sizes of steel recommended for box-tool cutters are as follows: 
For box tools used for stock diameters up to 3°; inch, 3°¢ inch square; 
up to } inch diameter, zy inch square; up to 4 inch diameter, ¢ inch 
square; up to } inch diameter, 35 inch square; up to r inch diameter, 
# inch square; up to 14 inches diameter, } inch square. 


HOLLOW MILLS 


Tue teeth of hollow mills should be radial or ahead of the center. 
With the cutting edge ahead of the center, as in Fig. 3, the chips as 
produced are caused to move outward away from the work and pre- 


Back Best 
Jaws 


i \ 
7°to 10 for Steel 
6’to 8 for Brose . 


Fic, 2.—Finishing Box Tool with Radial Cutter 


vented from disfiguring it. With the cutting edge below the center, 
rough turning will result. With the cutting edge greatly above the 
center, chattering occurs. About one tenth of the cutting diameter 
is a good average amount to cut the teeth ahead of the center. 
When the chips produced from any turning or boring cut curl 
nicely, it is indicative of a free cutting action; but these chips are 
very troublesome on the automatic screw machine. In making 


hollow mills for the automatic, part or all of the rake to the cutting | 


edge is generally sacrificed. 

The table under the hollow mill in Fig. 3 gives proportions of 
mills from js to ¢ diameter, showing the amount to cut the teeth 
ahead of the center, the taper of the hole, etc. 
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_ fecnice | ts | fe | o | de | oe] | t | el oe | 8] 4) 8 | 


Roughing . ) |.072|.104|.135].166].197|.229|.26 |.201|.322|.385|.510] 635|.760 


Le 4) t] gel we] F) be) we] we] 4) 8) 21 Se] 
D 


A= = .006].009],012|.015].019].022|.025).028].031|.038].050|.063|.075 


i fs | te | ws | fo | ws | F 8 Fa # | yo] fo | 33 | 38 
Om TF) Bi a) Fal ee a ae ete Mig ak 


Fic. 3.—Hollow Mill Dimensions 


DIES AND TAPS 


Ir is good practice in making spring screw dies either to hob out 
the thread with a hob tap 0.005 to 0.015 inch oversize, according 
' to size, and in use to spring the prongs to proper cutting size by a 
clamping ring, or to tap the die out from the rear with a hob tap 
tapering from 3%; inch to } inch per foot, leaving the front end about 
0.002 inch over cutting size, and in this case also to use a clamping 
ting, Both of these schemes are for the purpose of obtaining back 
clearance and are effective. Of the two the use of the taper hob is 
to be preferred. 
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Spring Die Sizes 


The table of dimensions for spring screw dies, Fig. 4, should prove 
of service, particularly for steel. For brass the cutting edge is 
radial, thus eliminating dimension A. The width of land at bottom 
of thread is usually made about one-fourth outside diameter of cut, 
the milling between flutes being 70 degrees, leaving 50 degrees 
for the prong in the case of three-flute dies. 


A Taper of Tap=34 per Ft. 


| 


4 
oar 
WA 


SMALL Sizes oF Dries 
(Overall Dimensions Given in Sketch) 


No. 
D= ds | & ite (oR | we | 3) aa] 6 | Shiro!) 22 
Threads P. I, = 64 | 40 | 32 | 20 | 18 | 56 | 40] 32 me ae oe, 
D 
Ror .006|.012].019].025].031|.010].011|.014].016].019|.021 


L= |ele lala} alae la fw | ele 8 


Sizes 3 To 1 IncH 


Dus 3} to} 4. to,2 itor 
Threads P. I. = Std Std. Std 
A= Det! ro + D +10 D + 10 
L= 3 py EG 
O.S. Dia. xt 1% I 
Length ah 23” 24” 


Fig. 4.—Spring Die Dimensions 


Boring Work for Threading 


_In boring holes previously to: tapping they should be somewhat | 
larger than the theoretical diameter at bottom of thread, as the| 
crowding action of the tap will cause the metal to flow ‘some and 
compensate for this. Where no allowance is made, frequent tap 
breakage is liable to occur and torn threads in the work also. On| 
external work it is for the same reasons advisable to turn the work) 
undersize and the following table gives good average allowances 
for internal and external work. 
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ALLOWANCES FOR THREADING IN THE SCREW MACHINE 


Internal Work 
eines Tum, Underse sre ieee er 

28 0.002 0.004 

24 0,002 0.0045 
22 0.0025 0.005 

20 0.0025 0.0055 
16 0.003 } 0.006 

14 0.003 0,0065 
13 0.0035 0.007 
12 0.0035 0.007 

II 0.0035 0.0075 
Io 0.004 : 0.008 

9 0.904 0.008 5 
0.0045 0.009 

7 0.0045 0.0095 
6 0.005 0.010 


Tap Length and Number of Lands 


The number of teeth in taps and the width of land should be 
regulated by the diameter and pitch of work as well as the nature of 
the material being cut. On fine threads, where a drunken thread is 
to be insured against, more teeth are required than on a coarser 
pitch of the same diameter. A good average number of teeth on 
taps for American standard threads is given in the following table. 


Outside Dia. No. of Flutes Width of Land 

ts 4 BE 
a 4 ts 
Te 4 BE 
$ 4 3a 
ts 4 SE 
3 4 $ 
g 4 v2 
4 4 ts 
t 4 33 

I 4 + 
1} 4 Ts 


With too few teeth and too short land very little support is afforded 
and this may cause chattering; too much land in contact causes heat 
due to excessive friction, welding of chips and torn threads. 


FORMING TOOLS 


THE two types of forming cutters commonly used in the screw 
machine are shown ih Figs. 5 and 6. ‘The circular forming cutter in 
Fig. 5 is usually cut away from % to 35 inch below center to give 
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suitable cutting clearance and the center of the tool post on which 
it is mounted is a corresponding amount above the center of the 
machine, so that the cutting edge of the circular tool is brought on 
the center line of the work. The relative clearance ordinarily 
obtained by circular cutters and dovetail tools of the type shown in 
Fig. 6, is indicated in Fig. 7. It is obvious that with a given 
material the larger the diameter of the work the greater the angle of 


Fic. 5 —Circular Forming Tool 


clearance required. Clearance angles are seldom less than 7 degrees 
or over 12 degrees. 

The diameter of circular forming tools is an important matter for 
consideration. A small diameter has a more pronounced change of 
clearance angle than a large diameter. In fact, when of an exceed- 
ingly large diameter, the circular tool approaches in cutting action 
the dovetail type of tool which is usually provided with about ro 


Fic. 6.—Dovetail Forming Tool 


degrees clearance. Circular tools usually range from about 1j to 
3 inches diameter, depending upon the size of machine in which 
they are used. 


Getting the Tool Diameters at Different Points 


In order to make a circular or a dovetail type of tool so that 
the contour of its cutting edge is such as to produce correct work, the 
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amount a circular tool is cut below center, as at c in Fig. 8, and the 
clearance angle of a dovetail tool as at A’, Fig. 7 must be known. 
Thus, referring to Fig. 8, the forming tool shown cuts two different 
diameters on the work, the step between being represented by 
dimension a. To find depth f to which the forming tool must be 
finished on the center line to give the correct depth of cut a in the 
work (the cutter being milled below center an amount represented 
by c) the following formula may be applied: 


f=e-Vete—(aVe—O). 


Tool cut out here 
after Forming 


To suit amount Auto- 
matic Tool Holder is 


Fic. 10.—Finishing a Circular Tool 


Suppose the depth of cut in the work represented by a to be 0.152”; 
the radius g of the forming cutter 1 inch; the distance ¢ which the 
forming tool is milled below center, 33; inch. Applying the above 
formula to find f and substituting the values just given for the letters 


in the formula we have f = 1 — Vt + .0231 — (.304V 1 — .03516) 
=r1—-Vi+ .0231 — (.304 X .9823) 


= 1 — V.724485 = 1 — .8512 = .1488 


Then f = .1488 


Dovetail Tool Depths 


If a similar piece of work is to be formed with a dovetail type of 
cutter, the distance T, Figs. 7 and 9, to which it is necessary to 
plane the tool shoulder in order that it may cut depth a@ correctly in 
the work, is found by the formula: T = a (cosine A’). As 10 
degrees is the customary clearance on this form of tool, the cosine 
of this angle, which is .98481, may be considered as a constant, 
making reference to a table of cosines unnecessary as a rule. As- 
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suming the same depth for a as in the previous case, that is .152 
inch, and multiplying by .98481, gives .1496 inch as the depth of 
fT to which the tool must be planed. 

While it frequently is necessary or advisable to determine by 
calculation the dimension computed in the preceding examples, in 
the majority of cases when making a cutter with a master tool of 
the same outline as the model, the correct form in the circular cutter 
is obtained automatically by droppimg-the master tool to the same 
distance below the lathe center as the circular cutter is to be milled 
off center and then feeding it in to finish the cutter. This proce- 


Dovetail 
Cutter Blank 


y | 
Fic. 11.—Finishing a Dovetail Forming Tool 


dure, shown in Fig. 10, assures the correct shape at all points being 
produced on the exact working plane of the cutter. Similarly, in 
finishing a dovetail cutter in the planer or shaper, the master tool 
may be set as in Fig. rz at the same angle with the cutter (usually 
to degrees) as the latter will afterward be applied to the work. 


CIRCULAR TOOL FOR CONICAL POINTS 


WHEN a circular cutter is to be made for forming a conical surface 
on a piece as in Fig. 12, a master tool of the exact angle required on 
the work may be used for finishing the cutter in the same way as the 
tool in Fig. 9 is:applied; that is, the master is to be dropped below 
center the amount the cutter center is to be above the work center 
when in operation. The distance is represented by D in Fig. 12. 
Another method, which avoids the necessity of making a master 
tool, is to set the compound rest of the lathe to the exact angle 
required (in this case 30 degrees with the center line) and with a 
horizontal cutting tool set at distance D below center, turn off one 
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side of the cutter blank and then set the compound rest around the 
other way and face off the other side. If desired a similar method 
may be followed for grinding the forming cutter after hardening. 
The arbor carrying the cutter should be located either above or 


below the grinding wheel a distance equal to D a where D 


equals the depth the cutter is milled below center, r the radius of 
the cutter, and R the radius of the grinding wheel. Assuming D to 
be,.187 (35) inch; R, 2.5 inches; and 7, 1 inch, the vertical distance 
between centers of forming tool and grinding wheel centers would 
(aeeee) ips 
I 


equal .187 = .187 (3.5) = .6562 (24) inch. 


Fic. 12.—Circular Forming Tool for Conical Points 


FINDING DIAMETERS OF CIRCULAR 
FORMING TOOLS 


In making circular forming tools it is oftentimes desirable to check 
the finished tool or finish a tool by grinding. It may also be advan- 
tageous to know the exact diameter a tool should be turned while 
making it, in order that calipering may be more convenient and 
certain. Methods of computing the diameter at different points 
are given on page 385, but in many cases of this kind the following 
tables will greatly facilitate matters, particularly when making 
circular forming tools for Brown & Sharpe automatic screw 
machines: 

Suppose, for example, we have a piece to make like Fig. 13, on the 
No. 2 Brown & Sharpe automatic screw machine. The largest 
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diameter of the circular forming tool would produce the smallest 
diameter of the piece, which is 0.250 inch. The difference between 
this 0.250-inch diameter and the step of the o.750-inch diameter 
is (0.750 — 0.250 inch) + 2 = 0.250 inch. 

The largest diameter of the circular forming tool for the No. 2 
machine is 3 inches, which corresponds to a radius of 1.49998-inches 
with a base line of 1.479 inch for the.triangle completed by the per- 
pendicular joining the cutting line of the tool with the parallel line 
passing through the center of the tool. 

The hypothenuse of the triangle is formed by the radius joining 
the intersection of the base line and the circumference of the tool 
as in Fig. 14. Subtracting 0.250 inch from 1.479 inches we have 
1.229 inches, which, in Table 4, corresponds to a radius of 1.25417 


Fic. 13.—The Piece to Be Made 


inches, and multiplying by 2 gives a diameter of 2.50834 inches, 
to which to turn the cutter to correctly form the o.750-inch diameter 
on the piece, Fig. 13. 

Considering the largest diameter of the piece and taking the height 
of the second step above the first diameter, we have Pasi) sade is 
0.344 inch, and subtracting from 1.479 = 1.135 for the base line, 
which, in Table 4, corresponds to a radius of 1.16221. Multiplying 
by 2 gives a diameter of 2.3244 to turn the cutter to in order to pro- 
duce the 0.938-inch diameter on the work. Tables 2, 3 and 4 are 
for cutters of the dimensions given in Table 1. 

These tables are figured in steps of 0.001 inch for the capacity of 
the machines. A difference of a fractional part of a thousandth 
can be added to the radius if the step is a part of a thousandth over 
the base-line figures, which are given in even thousandths. For 
illustration: Say the base-line figure is 1.4765 inches. In the table 
1.476 inches corresponds to a radius of 1.49702; add 0.0005 inch to 
1.49702 and the radius will be as near correct as it is practicable to 
make a cutter. . . 
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TABLE 1.—DIMENSIONS OF CUTTERS FOR 
B. & S. Automatic Screw Macuinres 
(Dimensions in Inches) 


Aas Distance 


Mach. Approx.} Max. above or 
No. Diam. | Radius | Base | “below 
Center 
2&2G 3 1.49998] 1.479 0.250 
0 & 0G 2.250 I.12474| 1.114 0.15625 
Fic. 14 00 & 00G | 1.750 | 0.87497] 0.866 | 0.125 


TABLE 2.—For FINDING DIAMETERS OF CIRCULAR FoRMING Toots 
FOR Brown & SHarpr No. oo Automatic Scew MACHINE | 


No. 00 & 00G | No. 00 & 00G } No. 00 & 00G | No. 00 & 00G | No. 00 & 00G 


PASS | Radius | B2S¢ | Radius | B2S¢ | Radius | Ba? | Radius | Ba] Radius 


866 | .87497 | .84r | .85024 | 815 | .82453 | .789 | .70884 | .763 77317 
865 | .87308 | .840 | .84925 | .814 | .82354 | .788 | .70785 762 | .77218 
-864 | -87300 | .839 | .84826 | .813 | .82255 | .787 | .79686 | .76r -77120 
-863 | .8720r | .838 | .84727 | .812 | .82156 | .786 | .79588 | .760 -77021 
862 | .87102 | .837 | .84628 | .81r | .82058 | .785 | .70480 | .750 -76922 
861 | .87003 | .836 | .84529 | .810 | .81959 | .784 | .79300 | .758 -76823 
-860 | .86904 | .835 | .84430 | .809 | .81860 | .783 | .7o20r | .757 »76725 
850 | 86805 | .834 | .84332 | .808 | .81761 | .782 | .79103 -7560 | .76626 
-858 | .86706 | .833 | .84233 | .807 | .81662 | .78x -79004 | .755 | .76528 | 
-857 | 86607 | .832 | .84134 | .806 | .81564 | .780 | .78005 -754 | .76429 
856 | 86508 | .831 | .84035 | .805 | .81465 | .779 | .77806 -753 | -76330 
855 | .86409 | .830 | .83936 | .804 | .81366 | .778 -78708 | .752 | .76232 
-854 | .86310 | .829 | .83837 | .803 | .81267 | .777 | .78600 -751 | .76133 
-853 | .86211 | .828 | .83738 | .802 | .81168 | .776 -78600 | .750 | .76035 
852 | 86112 | .827 | .83639 | .80r | .81069 | .775 | .78s02 -749 | -75936 
851 | 86013 | .826 | .83540 | .800 | .80971 -774 | .78403 | .748 | .75837 
-850 | .850r4 | .825 | .83442 | .700 | .80872 | .773 | .78304 | 747 | .75730 | 
849 | 85815 | .824 | .83343 | .708 | .80773 | .772 -78205 | .746 | .75640 — 
848 | .85716 | .823 | .83244 | .707 | .806074 | .772 -78107 | .745 | .7554r | 
847 | 85617 | .822 | 83145 | .796 | .80576 | .770 -78008 | .744 | .75443 
-846 | .85518 | 821 | .83046 | «705 | .80477 |-760 | 77909 | .743 | 175344 
+845 | .85420 | .820 82047 | .794 | .80378 | .768 | .77811 | .742 | .752460 | 
844 | .85321 | .810 82848 | .703 | .80279 | .767 | .77712 | .7ar | .75147 | 
843 | .85222 | .818 | 82750 | .792 | .80180 | .766 -77613 | .740 | .75048 | 
842 | .85123 +817 | .82651 | .7or -80082 | .765 “77515 
816 | .82552 | .790 | .79083 | .764 | .77416 


Note.—In the above Table 2 and Tables 3 and 4, it should be 
noted, as explained on page 389, that the Base Line dimensions in| 
the columns under that heading and in the diagram, Fig. 14, are! 
actually the distance of the cutting edge of the tool from the cente1 
of the cutter, the latter being used in the machine a certain distance 
either above or below the spindle center corresponding to Table 1/ 
The distance from the cutting edge to center is therefore shorte 
than the true cutter radius by the amount indicated in the tables) 
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TABLE 3.—For Finpinc Diameters or CrircuLAR ForMInG 
Toots For Brown & SHARPE No. o AUTOMATIC 
Screw MacHINE 


No.0 & 0G 'No.o & 0G ~ No.0 & 0G °*| No.0 & 0G | No.0 & 0G 


Bane Radius 4 Radius aes ‘Radius eo Radius oe Radius 
[.109 | 1.12474 | 1.060 | 1.07646 | 1.010 | 1.02726 | .960 | .97813] .910 | .92011 
(.108 | L.12375 | 1.059 | 1.07547 | 1.009 | 1.02627 | .9590 | .97715] .909 | .92813 
[.107 | 1.12277 | 1.058 | 1.07448 | 1.008 | 1.02529 | .958 | .97617| .908 | .92715 
[.106 | 1.12178 | 1.057 | 1.07350 | I.007 | 1.02431 | .957 | .975190] .907 | .92617 
[.105 | I.12070 | 1.056 | 1.07252 | I.006 | 1.02332 { .956 | .9742I] .906 | .92519 
[.104 | I.1198I | 1.055 | 1.07153 | I.005 | 1.02234] .955 | .97323] .905 | .92421 
[.103 | 1.11882 | 1.054 | 1.07055 | 1.004 | 1.02136 | .954 | .97225] .904 | .92324 
[.102 | 1.11784 | 1.053 | 1.06956 | I.003 | 1.02038 | .953 | .97127] .903 | .92226 
[.10L | 1.11685 | 1.052 | 1.06857 | 1.002 | 1.01939 | .952 | .97028] .902 | .92128 
[.100 | 1.11586 | 1.051 | 1.06759 | I.00r | 1.01841 | .95I | .96930] .901 | .92030 
[.099 | 1.11488 | 1.050 | 1.06661 | 1.000 | 1.01743 | -950 | .96832] .900 | .91932 
1.098 | 1.11389 | 1.049 | 1.06563 -999 | 1.01644 | .949 | .96734] .809 | .91834 
[.097 | I.11291 | 1.048 | 1.06464 -098 | 1.01546 | .948 | .96636] .898 | .o1732 
1.096 | 1.11192 | 1.047 | 1.06366 .997 | 1.01448 | .947 | .96538| .897 | .91638 
[.0905 | 1.11094 | 1.046 | 1.06267 -996 | 1.01349 | .946 | .96440] .806 | .91540 
r.094 | 1.10995 | 1.045 | 1.06169 .995 | 1.01251 | .945 | .96342| .805 | .o1442 
r.093 | 1.10796 | 1.044 | 1.06070 -994 | I.01153 | .944 | .96244| .894 | .91345 
T.092 | 1.10798 | 1.043 | 1.05972 -993 | I.01055 | -943 -96146| .893 | .91247 
[.O9I | 1.10699 | 1.042 | 1.05874 +992 | 1.00957 | .942 | .96047| .802 | .o1149 
r.090 | 1.10601 | I.04I | 1.05775 -99I | 1.00858 | .941 | .95949] .8901 | .9105r 
r.089 | 1.10502 | 1.040 | 1.05677 -990 | 1.00760 | .940 | .95851| .890 | .90053 
1.088 | 1.10404 | 1.039 | 1.05578 -989 | 1.00662 | .939 | .95753] .880 | .90855 
r.087 | 1.10305 | 1.038 | 1.05480 .988 | 1.00563 | .938 | .95655| .888 | .90757 
t.086 | 1.10207 | 1.037 | 1.05381 .987 | 1.00465 | .937 | .95557| .887 | .90660 
r.085 | 1.10108 | 1.036 | 1.05283 .986 | 1.00367 |} .936 | .95459| .886 | .90562 
1.084 | I.10009 | 1.035 | 1.05185 -985 | 1.00269 | .935 | .95301| .885 | .90464 
1.083 | I.O99II | 1.034 | 1.05086 -984 | 1.00170 | .934 | .95263] .884 | .90366 
1.082 | 1.00813 | 1.033 | 1.04988 -983 | 1.00072 | .933 | .95165] .883 | .90268 
T.O8I | 1.09714 | 1.032 | 1.04889 -982 -99974 | .932 | .95067] .882 | .90r70 
r.080 | 1.09616 | 1.031 | I.04791 .981 -99875 | .93I | .94969] .881 | .90073 
1,079 | 1.090517 | 1.030 | 1.04693 -980 -99777 | -930 | .94871| .880 | .89975 
1.078 | 1.09418 | 1.029 | 1.04504 | .979 | .99679 | .929 | .94773] .879 | .80877 
1.077 | 1.09319 | 1.028 | 1.04496 -978 -99581 | .928 | .94675} .878 | .80779 
1.076 | 1.09221 | 1.027 } 1.04308 -977 -99483 | .927 | .94577] .877 | .8968r 
1.075 | 1.09123 | 1.026 | 1.04299 -976 -99384 | .926 | .94479] .876 | .80584 
1.074 | 1.00024 | 1.025 | 1.04200 -975 -99286 | .925 | .94381] .875 | .89486 
1.073 | 1.08926 | 1.024 | 1.04102 -974 -99188 | .924 | .94283] .874 | .80388 
1.072 | 1.08828 | 1.023 | 1.04004 +973 -99090 | .923 | .94185] .873 |} .80290 
1.071 | 1.08729 | 1.022 | 1.03906 .972 -98901 | .922 | .94087] .872 | .80183 
1.070 | 1.08630 | 1.021 | 1.03807 -971 -98803 | .92I | .93080| .871 | .80005 
1.069 | 1.08532 | r.020 | 1.03709 -970 -98795 | .920 | .93801] .870 | .88997 
1.068 | 1.08433 | I.019 | 1.03611 .969 .98697 | .919 | .93793| .869 | .88809 
1.067 | 1.08335 | 1.018 | 1.03512 -968 .98599 | .918 | .93605} .868 | .88802 
1.066 | 1.08236 | 1.017 | 1.03414 .967 -98501 | .917 | .93597| .867 | .88704 
1.065 | 1.08138 | 1.016 | 1.03316 -966 -98402 | .916 | .93499| .866 | .88607 
1.064 | 1.08039 | I.015 | 1.03217 -965 - 98304 | .915 | .93401| .865 | .88508 
1.063 | 1.07941 | 1.014 | 1.03119 -904 -98206 | .914 | .93303] .864 | .88411r 
1,062 | 1.07842 | 1,013 | 1.03021 -963 -98108 | .913 | .93205] .863 | .88313 
I.06r | 1.07744 | 1.012 | L.02922 -962 -98010 | .O12 | .93107| .862 | .88216 
I.OIL | 1.02824 -961 .97912 | .O1L | .93009] .86r | .88118 

-860 | .88020 

.859 | .87922 
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Taste 4——For Finpinc DIAMETERS OF CIRCULAR ForMING 
Toots For Brown & SHARPE No. 2 AUTOMATIC 
Screw MACHINE 


No. 2&2G | No.2&2G 


Base | Radius | B8S¢ | Radius 


{ 


No. 2 & 2G | No. 2 & 2G 


No. 2 & 2G 


Base 
Line 


Radius 


Base 
Line 


Radius 


pee Radius | 


1.479 | 1.49908 | 1.430 | 1.45168 
1.478 | 1.49899 | I.429 | 1.45070 
1.477 | 1.49801 | 1.428 | 1.44982 
1.476 | 1.49702 | 1.427 | 1.44873 
1.475 | 1.49604 | 1.426 | 1.44775 
1.474 | 1.49505 | 1.425 | 1.44670 
1.473 | 1.40406 | 1.424 | 1.44578 
1.472 | 1.49308 | 1.423 | 1.44479 
I.47I | 1.49209 | 1.422 | 1.44381 
1.470] 1.49110 | 1.421 | 1.44282 
1.469 | 1.49012 | I.420 | 1.44184 
1.468 | 1.48913 | I.419 | 1.44085 
1.467 | 1.48815 | 1.418 | 1.43987 
1.466 | 1.48716 | 1.417 | 1.43874 
1.465 | 1.48618 | 1.416 | 1.43790 
1.464} 1.48519 | I.415 | 1.43090 
1.463 | 1.48421 | 1.414 | 1.43503 
1.462 | 1.48322 | 1.413 | 1.43405 
1.461 | 1.48223 | 1.412 | 1.43396 
1.460} 1.48125 | 1.411 | 1.43298 
1.459 | 1.48026 | I.410 | 1.43199 
1.458 | 1.470928 | 1.409 | 1.43100 
1.457 | 1.47829 | 1.408 | 1.43002 
1.456 | 1.47731 | 1.407 | 1.42905 
I.455 | 1.47632 | 1.406 | 1.42805 
1.454 | 1.47534 | I.405 | 1.42707 
1.453 | 1.47435 |, 1.404 | 1.42608 
1.452 | 1.47337 | 1-403 | 1.42510 
1.451 | 1.47238 | I.402 | 1.42411 
I.450| 1.47139 | I.40I | 1.42313 
1.449 | 1.47041 | 1.400 | 1.42215 
1.448 | 1.46044 | 1.309 | 1.42116 
1.447 | 1.46846 | 1.398 | 1.42118 
1.440] 1.46745 | 1.307 | 1.41919 
1.445 | 1.46647 | 1.396] 1.41821 
1.444 | 1.46548 | 1.395 | 1.41723 
1.443 | 1.46459 | 1.394 | 1.41624 
1.442 1.46351 | 1.303 | 1.41526 
1.441 | 1.46253 | 1.302 | 1.41427 
I.440 | 1.46154 | 1.391 | 1.41320 
1.439 | 1.46056 | 1.390 | 1.41230 
1.438 | 1.45057 | 1.389 | 1.41132 
1.437 | 1.45853 | 1.388 | 1.41033 
1.436] 1.45759 | 1.387 | 1.40035 
1.435 | 1.45661 | 1.386 | 1.40837 
1.434 | 1.45563 | 1.385 | 1.40738 
1.433 | 1.45464 | 1.384 | 1.40640 
1.432 | 1.45366 | 1.383 | 1.40541 
1.431 | 1.45267 | 1.382 | 1.40443 

1.381 | 1.40345 


1.380 
1.379 
1.378 
1.377 
1.376 
1.375 
1.374 
1.373 
1.372 
1.375 
I.370 
1.369 
1.368 
1.367 
1.366 
1.365 
1.364 
1.363 
1.362 
1.361 
1.360 
1.359 
1.358 
1.357 
1.356 
1.355 
1.354 
1.353 
1.352 
1.351 
1.350 
1.349 
1.348 
1.347 
1.346 
1.345 
1.344 
1.343 
1.342 
1.341 
1.340 
1.339 
1.338 
1.337 
1.336 
1.335 
1.334 
1.333 
1.332 
1.331 


1.40246 
1.40148 
1.40050 
1.390052 
1.39853 
1.39754 
1.39656 
1.30558 
1.39459 
1.39360 
1.39262 
1.30164 
1.39066 
1.38067 
1.38869 
1.38770 
1.38672 
1.38574 
1.38475 
1.38377 
1.38279 
1.38181 
1.38082 
1.37984 
1.37885 
1.37786 
1.37689 
1.37590 
1.37402 
1.37393 
1.37205 
1.37107 
1.37098 
1.37000 
1.36902 
1.36804 
1.36705 
1.36607 
1.36599 
1.36410 
1.36312 
1.36214 
1.36116 
1.36017 
1.35919 
1.35820 
1.35722 
1.35624 
1.35520 
1.35428 


1.330 
1.320 
1.328 
1.327 
1.326 
1.325 
1.324 
1.323 
1.322 
1.321 
I.320 
1.319 
1.318 
1.317 
1.316 
1.315 
1.314 
1.313 
1.312 
I.311 
1.310 
1.309 
1.308 
1.307 
1.306 
1.305 
1.304 
1.303 
1.302 
1.301 
1.300 
1.209 
1.298 
1.207 
1.206 
1.205 
1.204 
1.203 
1.202 
I.201 
1.290 
1.289 
1.288 
1.287 
1.286 
1.285 
1.284 
1.283 
1.282 
1.281 


1.35329 
1.35231 
1.35133 
1.35035 
1.34936 
1.34838 
1.34740 
1.34641 
1.34543 
1.34445 
1.34347 
1.34248 
I.34150 
1.34052 
1.33054 
1.33855 
1.33757 
1.33659 
1.33560 
1.33462 
1.333604 
1.33266 
1.33168 
1.33069 
1.32071 
1.32873 
1.32775 
1.32677 
1.32578 
1.32480 
1.32382 
1.32284 
1.32186 
1.32087 
1.31989 
1.31891 
1.31793 
1.31695 
I.31596 
1.31408 
I.31400 
1.31301 
1.31203 
1.31106 
1.31008 
1.30900 
1.30811 
1.30713 
1.30615 
1.30517 


1.280 | 1.30419 
1.279 | 1.30320 
1.278 | 1.30222 
1.277_| 1.30124 
1.276 | 1.30026 | 
1.275 | 1.29928 | 
1.274 | 1.29830 | 
1.273 | 1.20732 | 
1.272 | 1.29633 | 
1.27% | 1.20535 | 
1.270 | 1.20437 | 
1.269 | 1.293390 
1.268 | 1.29241 
1.267 | 1.29143 | 
1.266 | 1.29045 
1.265 | 1.28947 | 
1.264 | 1.28848 | 
1.263 | 1.28750 

1.262 | 1.28652 | 
1.261 | 1.28554 
1.260 | 1.28456 
1.259 | 1.28358 
1.258 | 1.28260 
1.257 | 1.28162 | 
1.256 | 1.28064 
1.255 | 1.27066 | 
1.254 | 1.27868 
1.253 | 1.27770 
1.252 | 1.27672 
1.251 | 1.27574 
1.250 | 1.27476 
1.249 | 1.27377 
1.248 | 1.27279 
1.247 | 1.27181 || 
1.246 | 1.27083 
1.245 | 1.26085 
1.244 | 1.26887 
1.243 | 1.26789 | 
1.242 | 1.26601 
1.241 | 1.26593 | 
1.240 | 1.26495 | 
1.239 | 1.26307 
1.238 | 1.26209.) 
1.237 | 1.26201 
1.236 | 1.26103 
1.235 | 1.26005 
1.234 | 1.25907 
1.233 | 1.25809 
1.232 | 1.25711 | 
1.231 | 1.25613 | 


} 
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TABLE 4.—For Fixpinc DIAMETERS oF CrrcuLAR FoRMING 
Toots For Brown & SHARPE No. 2 AUTOMATIC 
Screw MAcutIne (Continued) 


No.2&2G | No.2&2G | No.2&2G No. 2 & 2G No. 2 & 2G 
Base . Base * Base * Base A Base * 
Tine Radius Vine Radius ine Radius- Tine Radius Tine Radius 
1.230 | 1.25515 | 1.178 | 1.20424 | 1.126 | 1.15342 | 1.074 | 1.10271 | 1.022 | 1.05213 
1.229] 1.25417 | 1.177 | 1.20326 | 1.125 | 1.15244 | 1.073 | I-10174 | 1.021 | 1.05116 
1.228 | 1.253109 | 1.176 | 1.20228 | 1.124 | 1.15147 | 1.072 | 1.10070 | I.020 |} 1.05019 
1.227 | 1.25221 | 1.175 | 1.20130 | 1.123 | 1.15049 | I.071 | I.09979 | 1.019 | 1.04920 
1.226 | 1.25123 | 1.174 | 1.20032 | I.122 | 1.14951 | 1.070 | 1.09882 | 1.018 | 1.04825 
1.225 | 1.25025 | 1.173 | 1.19934 | I.12I | 1.14854 | 1.069 | 1.00784 | 1.017 | 1.04728 
3.224 | 1.24927 | 1.172 | 1.19837 | 1.120 | 1.14756 | 1.068 | 1.00687 | 1.016 | 1.04631 
1.223 | 1.248209 | 1.171 | I.19730 | 1.119 | 1.14659 | 1.067 | 1.09590 | 1.015 | 1.04533 
1.222 | 1.24731 | 1.170 | 1.19641 | 1.118 | 1.14561 | 1.066 | 1.09492 | 1.014 | 1.04436 
1.221 | 1.24633 | 1.169 | 1.19543 | I.117 | 1.14463 | 1.065 | 1.00395 | 1.013 | 1.04339 
1.220 | 1.24535 | 1.168 | 1.19446 | 1.116 | 1.14366 | 1.064 | 1.09208 | 1.012 | 1.04242 
1.219 | 1.24437 | 1.167 | 1.19348 | 1.115 | 1.14268 | 1.063 | 1.09200 | I.orr | 1.04145 
1.218 | 1.24339 | 1.166 | 1.19250 | 1.134 | I-14171 | 1.062 | I.0g103 | 1.010 | 1.04048 
1.217 | 1.24241 | 1.165 | 1.19152 | 1.113 | 1.14073 | 1.061 | 1.09006 | I.009 | 1.03951 
1.216 | 1.24143 | 1.164 | 1.19054 | I.112 | 1.13976 | 1.060 | 1.08908 | 1.008 | 1.03854 
1.215 | 1.24045 | 1.163 | 1.18957 | 1.111 | 1.13878 | 1.059 | 1.08811 | I.007 | 1.03757 
1.214 | 1.23947 | 1.162 | 1.18859 | 1.110 |. 1.13780 | 1.058 | 1.08714 | 1.006 | 1.03660 
1.213 | 1.23840 | 1.161 | 1.18761 | 1.109] 1.13683 | 1.057 | 1.08616 | 1.005 | 1.03563 
1.212 | 1.23752 | 1.160 | 1.18663 | 1.108 | 1.13586 | 1.056 | 1.08519 | 1.004 | 1.03466 
1.2TI | 1.23654 | 1.159 | 1.18566 | 1.107 | 1.13488 | 1.055 | 1.08422 | 1.003 | 1.03369 
I.210 | 1.23556 | 1.158 | 1.18468 | 1.106 | 1.13390 | 1.054 | 1.08324 | I.002 | 1.03273 
1.209 | 1.23458 | 1.157 | 1.18370 | I.105 | 1.13293 | 1.053 | 1.08227 | I.001 | 1.03175 
1.208 | 1.23360 | 1.156 | 1.18272 | 1.104 | 1.13195 | 1.052 | 1.08130 | 1.000 | 1.03078 
1.207 | 1.23262 | 1.155 | 1.18175 | 1.103 | 1.13098 | 1.051 | 1.08032] .909 | 1.02981 
1.206 | 1.23164 | 1.154 | 1.18077 | 1.102 | 1.13000 | 1.050 | 1.07935 | -998 | 1.02884 
1.205 | 1.23066 | 1.153 | I.17979 | I.101 | 1.12903 | 1.049 | 1.07838 | .yo7 | 1.02787 
1.204 | 1.22968 | 1.152 | 1.17881 | 1.100 | 1.12805 | 1.048 | 1.07741 | .906 | 1.02690 
1.203! 1.22870 | 1.151 | 1.17784 | 1.009 | 1.12708 | 1.047 | 1.07643 | -905 | 1.02503 
1.202 | 1.22772 | 1.150 | 1.17686 | 1.098 | 1.12610 | 1.046 | 1.07546 | .994 | 1.02496 
1.201 | 1.22675 | 1.149 | 1.17588 | 1.097 | 1.12513 | 1.045 | 1.07449 | .903 | 1.023900 
1.200 | 1.22577 | 1.148 | I.17491 | 1.096 | 1.12415 | 1.044 | 1.07352] .992 | 1.02302 
1.199 | 1.22479 | 1.147 | 1.17393 | 1.005 | 1.12318 | 1.043 | 1.07254 | .9QI | 1.02205 
1.198 | 1.22381 | 1.146 | 1.17295 | 1.004 | 1.12220 | 1.042 | 1.07157 | .990 | 1.02108 
1.197 | 1.22283 | 1.145 | 1.17197 | 1.093 | 1.12123 | 1.041 | 1.07060] .989 | 1.02011 
1.196 | 1.22185 | 1.144 | 1.17100 | 1.092 | 1.12025 | 1.040 | 1.069063 | .988 | 1.01914 
1.195 | 1.22087 | 1.143 | 1.17002 | 1.091 | 1.11928 | 1.039 | 1.06865 | .987 | 1.01817 
1.194 | 1.21089 | 1.142 | 1.16904 | 1.090 | 1.11830 | 1.038 | 1.06768 | .986 | 1.01720 
1.193 | 1.21891 | 1.141 | 1.16807 | 1.089 | 1.11733 | 1.037 | 1.06671 | .985 | 1.01623 
1.192 | 1.21793 | 1.140 | 1.16709 | 1.088 | 1.11635 | 1.036 | 1.06574] .984 | 1.01526 
I.191 | 1.21696 | 1.139 | 1.16612 | 1.087 | 1.11538 | 1.035 | 1.06477 ] .983 | 1.01429 
1.190 | 1.21508 | 1.138 | 1.16514 | 1.086 | 1.11440 | 1.034 | 1.06379 | .982 | 1.01332 
1.189 | 1.21500 | 1.137 | 1.16416 | 1.085 | 1.11343 | 1.033 | 1.06282 | .o8z | 1.01235 
1.188 | 1.21402 | 1.136 | 1.16318 | 1.084 | 1.11246 | 1.032.| 1.06185 | .980 | 1.01139 
1.187 | 1.21304 | 1.135 | 1.16221 | 1.083 | 1.11148 | 1.031 | 1.06088 | .979 | I.o1042 

1.186 | 1.21206 | 1.134 | 1.16123 | 1.082 | 1.11051 | 1.030 | I.05991 | .978 | 1.00045 
1.185 | 1.24108 | 1.133 | 1.16025 | 1.081 | 1.10953 | 1.029 | 1.05803 | .977 | 1-00848 
1.184 | 1.21011 | 1.132 | 1.15928 | 1.080 | 1.10856 | 1.028 | 1.05796] .976 | 1.00751 
1.183 | 1.20013 | 1.141 | 1.15830 | 1.079 | 1.10758 | 1.027 | 1.05609] .975 | 1.00654 

1.182 | 1.20815 | 1.130 | 1.15732 | 1.078 | 1.10661 | 1.026 | 1.05602 | .974 | 1.00557 
1.181 | 1.20717 | 1.129 | 1.15635 | 1.077 | 1.10563 | I.025 | 1.05505 | .973 | 1.00460 
1.180 | 1.20619 } 1.128 | 1.15537 | 1.076 | 1.10466 | 1.024 | 1.05408 | .972 | 1.00363 
1.179 | 1.20521 | 1.127 | 1.15440 | 1.075 | 1.10369 | 1.023 | 1.05310 | .971 | 1.00267 

+970 | 1.00170 
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SPEEDS AND FEEDS FOR SCREW MACHINE WORK 


The accompanying tables are from the practice advocated by 
the Brown & Sharpe Mfg. Co. They recommend the following 
speeds for the drive shafts of their automatic screw machines, 
for all spindle speeds. 


No. 00 | No.0 | No. 2 


120 r.p.m. 180 r.p.m. 120 r.p.m. 


The tables are very complete and cover a large variety of work | 


in very compact form. 


Bolt Cutters 


For threading cast iron in machines of the bolt cutter type, the 
Landis Machine Company, Waynesboro, Pa., gives these speeds: 


4 3 x | 13 2 
5 | 190] 125] 95 | 65 | 50 


with petroleum as a lubricant. 
For soft steel and iron: 


3 


Repu ihe. Sine aeee Ae ees §20 | 355 | 205 | 175 |235-| 75 | 55 


1 


with compound or screw-cutting oil as a lubricant. 


These figures are based on a circumferential cutting speed of 25 __ 


feet per minute for cast iron and 35 feet per minute for soft steel 


and iron up to and including x inch, and 30 feet per minute for | 
12-inch and 2-inch sizes. The speeds are for high-speed steel | 


chasers. Some users run the machines at a higher rate. 
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THREADING SPEEDS FOR Taps AND Dis 
DROP FORGINGS 


Diam. Surface Feet R.p.m. 
3 25 765 
te 25 509 
t 25 382 
16 23 305 
8 23 235 
18 23 201 
z 23 176 
is oe: 156 
z 2 141 
a¢ 23 128 
Z 23 117 
oe 23 108 
E 23 100 
té 23 94 

I 20 77 

1z 20 61 

ey 20 51 

2 18 35 


Brown & SHARPE AUTOMATIC AcorN Dies 
SCREW STOCK 


5 28 855 
z 28 428 
Ts 28 342 
3 28 285 
is 28 244 
2 28 214 
a 28 190 
3 28 171 
a. 28 156 
¢ 28 143 
té 28 132 
ri 28 122 
ao 28 II4 


I 28 107 
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TABLE I.—THREADING SPEEDS FoR HicH-SPrED STEEL CHASERS 


(For Carbon Steel Chasers Use 60 Per Cent of this Speed) 
(Geometric Tool Co.) 


Surface Speeds for Threads Per 
Inch 
Material 


3-74 | 8-11 | I2-32 


pion Sheehy more Sees 27 cy crete ae 5 8 Io 
Vanadium steel—monel metal— 

nickel steel—forged steel—open 

er neie tee! oe De SE es Io 15 20 
Bessemer screw  stock—tobin 

bronze—drawns teel—machine 


W630) au: oeRe PORES RRC RR EE Oma 20 30 50 
Cast iron—malleable iron........ 25 50 80 
Copper—phosphor bronze........ 40 80 150 


Cast brass—bar brass—rubber 
fiber—aluminum—lead......... 50 100 200 
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~ SPEEDS AND FEEDS 


The following threading speeds can be used with either tap or 
die as a working basis. These speeds will have to be varied to 
suit the job. 


Cast AND MALLEABLE IRON AND SCREW STOCK 


Diam. in Inches Surface Feet R.P.M. 
$ 40 T222 
C7 40 814 
+ 40 611 
16 40 490 
3 35 356 
16 35 305 
a 35 207 
16 35 240 
2 35 210 
re 35 195 
4, 35 178 
Te 35 165 
8 35 153 
te 30 122 

7 30 II5 
1} 30 92 
1} 30 76 
2 25 48 


Threading Speeds—Brass 


P 135 4,126 
16 135 2,750 
£ 125 1,909 
is 125 I, 528 
3 120 I, 222 
z 120 O17 
3 120 CBs 
2 II5 586 
I IIo 420 
it 100 306 
IF go 229 
23 85 162 
ALUMINUM 


120 surface feet per minute 
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In some cases they can be increased if the metal is free cutting; 
in other cases they will have to be reduced because of the opposite 
condition, but they serve as a very good basis. 

In tests, $ inch drills have been run up to 99 feet per minute, 
in cast iron, with feeds up to 0.104 inch per revolution, removing 
nearly 12 pounds of metal per minute; 14-inch drills were run 
260 feet per minute with a feed of 0.145 inch per revolution, 
removing 37 pounds of metal per minute, This is drilling at the 
rate of 116 inches per minute. In machinery steel, the speed of a 
ri-inch drill was 180 feet per minute, the feed 0.0815 inch per 
revolution, removing 15.5 pounds of metal and drilling at the 
rate of 44.8 inches per minute. 


SPEED OF REAMERS IN SCREW MACHINE WORK 


The Cleveland Twist Drill Company find the following to be 
satisfactory in their screw machine department: 


CARBON REAMERS 


Cast Machinery Tool 
Iron Steel Steel Brass 
Cutting speed........ 30 ft. 30 ft. | 15-20 ft.| roo ft. 
Feed per revolution: 
t-inch hole........ 0.009 in. | 0.004 in. | 0.004 in.| 0.007 in. 
14-inch hole........| 0.023 ©.015 ©.OIL 0.015 
2-inch hole.........| 0.033 0.020 0.016 0.020 
HicH-SPEED REAMERS 
Cast Iron and Tool Brass 
Machinery Steel Steel 
Cutting speed (<2)... | 50-60 ft. | 25-30 ft. 130-150 it. 


Feeds the same as given above for carbon tools. 


The amount of stock left in hole for reaming is from about 
0.004 inch for }-inch size to about 0.009 inch for 2-inch size. For 
intermediate sizes, the speeds and feeds will be approximately 
proportional to those given. : 

For commercial automobile steels, in some cases the speed may 
be as high as stated for machinery steel. For the best grades of 
finish, they recommend carbon reamers at very slow speeds, but 
good commercial finish within acceptable tolerances can be obtained 
on a production basis using the feeds, speeds and amount of stock 


SPEED OF REAMERS 


given above. Soda water is satisfactory as 
a lubricant except on automatic machines, 
where a mineral lard oil is used. 

It is also important to use the floating 
tool holder, and they feel that sufficient 
emphasis is not usually placed on this 
attachment. 


TABLE or ANGLES AND THICKNESSES FOR 
CircuLAR Cuttrinc-orr Too.Ls 


W is same as JZ up to 0.060 inch 
inclusive. 

W is same as one-half T from 0.070 
to 0.120 inch thickness inclusive. 

W is 0,060 for 0.140 inch thickness and 
over. 

Ais 23 degrees when cutting brass, 
aluminum, copper, silver and zinc. 


“> KT 


“WW 
mia 


x 
D 


A is 15 degrees when cutting steel, iron, 
bronze and nickel. 

Least thickness used when cutting off 
into tapped holes is the lead of two and 
one-half threads plus 0.010 inch. 

Least thickness used when cutting off 
into reamed holes smaller than 4-inch 
diameter is 0.040 inch. 

Thickness used when cutting off tubing 
is two-thirds T as given below for corre- 
sponding diameters. 

Thickness used when angles or radii 
start from outside diameter of tool is 
governed by varying conditions and 
determined accordingly. 


Diameter of Stock 
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TOLERANCES FOR Preces Mapr In ScREw MACHINES 
(OursmpE DIAMETERS) 


Running Fits not to be Ground 


To }-inch diam. inclusive....... 0.0005—0.0015 inch small 
To r-inch diam. inclusive....... 0.001 —0.002 inch small 
To 2-inch _ diam. inclusive....... ©.0015-0.0025 inch small 
To 33-inch diam. inclusive....... 0.0015—0.003 inch small 


Standard Fits not to be Ground—All Sizes 
Standard to o.ooz inch small 
Driving Fits not to be Ground—aAll Sizes 
0.0005 to 0.0015 inch large 
Pieces to be Ground—Amount of Stock to be Left for Grinding 


To 11-inch diam. inclusive.......... 0.005—0.007 inch large 
To 2-inch diam. inclusive.......... 0.007—0.010 inch large 
To 33-inch diam, inclusive....,..... 0.010—0.014 inch large 


Screw Machine Limit——Work made on screw machines cannot 
be made practically to a closer limit than 0.0005 inch either side of 
a fixed figure (0.0oor-inch limit). If closer work is required, it 
must be made large and ground to limit required. If no limit is 
given on the large part of piece and if not otherwise stated, it can 
be left stock size. 


‘ 


GRINDING ALLOWANCE FOR BRONZE BUSHINGS 
(OutTsripE DIAMETERS) 


“ 0,00r inch 
Grind { 6.0016 inch } Large 


Standard Holes (Reamed).—All holes, including parts made in 
screw machines, unless otherwise specified, are standard diameters. 
Plugs 0.0005 inch small should go in. Standard plug should wring 
in. Plugs 0.0005 inch large should not go in. 

Operating screws should be ground on the outside diameter of 
the threaded portion to a limit of Standard to 0.002 inch small. 
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METHOD OF FINDING THE DIAMETERS OF SHELL 
BLANKS 


Tuts method for the finding of diameters of shell blanks applies 
also to other shapes which frequently occur in practice. 

The method is based upon the surface of the shell in comparison 
with the area of the blank and should, therefore, be used only when 
light material is to be considered. In case of the flanged shapes the 
width of the flange should be small in proportion to the diameter, 


CYLINDRICAL SHELL 


Fig. 1 shows a cylindrical shell of the diameter d and the depth h. 
To find the diameter of the blank, lay down the diameter d of the 
shell twice on a horizontal line, Fig. 2, add to this a distance equal 
to four times the depth / of the shell and describe a semicircle of 
which the total distance is the diameter. The vertical line D from 
the intersecting point with the circle to the horizontal line gives the 
desired blank diameter. Line D is to be drawn at a distance d from 
the end of the horizontal. 


FLANGED SHELLS 


Tf the shell has a flange as in Fig. 3, use the formula shown in Fig. 4. 

In the case of a hemisphere, Fig. 5, lay down the diameter three 
times on the horizontal line and draw the vertical line at the dis- 
tance d from the end, as in Fig. 6. The width of flange = a. 

If the hemisphere has a flange as in Fig. 7, add a distance equal 
to twice the width of the flange to the horizontal line, as in Fig. 8. 
In any case, the length of the vertical line D gives the desired diam- 
eter of blank. 


TAPER SHELLS 
If a shell with tapering sides, Fig. 9, has to be drawn, multiply 
first the bottom diameter by itself and divide the product by the 


sum of the two diameters d; and d in order to obtain the length x. 
’ Otherwise proceed as shown in Fig. to, 


FLANGED TAPER SHELLS 


If the taper shell has a flange of the width a, Fig. 11, add to the 
base line of the diagram twice this width, as shown in Fig. r2. 
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TABLE OF DIAMETERS OF SHELL BLANKS 


Tue table shows the diameters of blanks for shells } * + inch to 
6 X 6 inches inclusive, by } inches. The figures were obtained by 
the formula given on page 285: 


D = Vd@ + 4h) 
d = Diameter of finished shell. 
h = Height of finished shell. 


They were also checked by figuring on the area of the metal. 
If it is desired to punch the metal in one or more operations, 
get the mean height of the shell by the following formula: 
mete 
ie 


where, 


where 
m = Mean height of finished shell. 
h = Height of finished shell. 
t = Thickness of finished shell. 
T = Thickness of metal before drawing. 


Suppose, for example, a shell 2 inches diameter by 6 inches high; 
thickness of metal before drawing, 0.040 inch; finish thickness of 
shell, 0.020 inch, Then 


m ali od ak hres inches 
Db: 0.040 3 : 


By using this height, from the table we find a shell 2 inches 
diameter by 3 inches high requires a blank 5.29 inches diameter, 

When the shell has rounded corners at the bottom, subtract the 
radius of the corner from the figures given in the table. Thus, in 


—— a 


Fic. 13 


the last example, suppose the shell to have a radius of $ inch on 
the corner; 5.29 — 0.125 = 5.165 inches, the required diameter 
of the blanks. 

When a shell has a cross-section similar to the ones shown in 
Fig. 13, the required blank diameter may be calculated by the 
following formula: 


where 
d = Diameter of blank in inches; 

W = Weight of shell; 

w = Weight of one cubic inch of the metal; 
t = Thickness of shell. 
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DIAMETER OF BLANKS FOR SHELLS, } X 4 INcH TO 6 X 6 INCHES 


8 Height of Shell 
o 
=4q 
os 
wa | 2 edt | Bee reeled? 5 ras arn 2a | eae ees 
E 
¥” | 0.56 | 0.75 | 0.90 | 1.03 | z.14 | 1.25 | 1.35 | 1-44 | 1.52] 1.60] 1.68] 1.75 
4” | 0.87 | 1.12 | 1.32 | 1.50 | 1.66 | 1.80 | 1.94 | 2.06 | 2.18 | 2.29 | 2.40] 2.50 
” | 1.14 | 1.44 | 1.68 | 1.89 | 2.08 | 2.25 | 2.41 | 2.56 | 2.70 | 2.84] 2.07] 3.00 
ig I.4I | 1.73 | 2.00 | 2.24 | 2.45 | 2.65 | 2.83 | 3.00 | 3-16 | 3.32 | 3-46] 3.61 
1}” | 1.68 | 2.01 | 2.30 | 2.56 | 2.79 | 3.01 | 3.21 | 3-40 | 3-58] 3-75] 3-02 | 4.07 
14” | 1.04 | 2.29 | 2.60 | 2.87 | 3.12 | 3.36 | 3-57 | 3 78 | 3-07 | 4.15 | 4-33 | 4.50 
i” | 2.19 | 2.56 | 2.88 | 3.17 | 3.44 3-68 | 3.02 | 4.13 | 4-34 | 4-53] 4.72] 4.01 
2" | 245 2.83 | 3.16 | 3.46 | 3.74 | 4.00 | 4.24 | 4.47 | 4-60 | 4.00] 5.10] 5.29 
24” | 2.70 | 3.09 | 3.44 | 3.75 | 4.04 | 4.31 | 4-56 | 4.80 | 5.03 | 5.25 5.46| 5.66 
24” 2.06 | 3.36 | 3.71 | 4.03 | 4.33 | 4.61 | 4.87 | 5.12 | 5.36] 5.50 | 5-82] 6.02 
24 3-21 | 3.61 | 3.908 | 4.31 | 4.62 | 4.91 | 5.18 | 5.44 | 5-68] 5.02] 6.15 | 6.37 
3-46 | 3.87 | 4.24 | 4.58 | 4.90 | 5.20] 5.48 | 5.74 | 6.00] 6.25 | 6.48 | 6.72 
Sau 3-71 | 4.13 | 4.51 | 4.85 | 5.18 | 5.48 | 5.77 | 6.04.| 6.31 | 6.56] 6.80] 7.04 
3%” 3-07 | 4.30 | 4.77 | §-12 | 5-45 | 5.77 | 6.06 | 6.34 | 6.61 | 6.87] 7.12] 7.36 
34 4.22 | 4.64 | 5.03 | 5.39 | 5-73 | 6.05 | 6.35 | 6.64 | 6.91 | 7-18] 7.44] 7.60 
4 4.47 | 4.90 | 5.20 | 5.66 | 6.00 | 6.32 | 6.63 | 6.03 | 7-22 | 7.48 | 7-75 | 8.00 
ay” 4-72 | 5.15 | 5.55 | 5.92 | 6.27 | 6.60 | 6.91 | 7.22 | 7.50] 7-78] 8.05] 8.31 
4} 4.98 | 5.41 | 5.81 | 6.19 | 6.54 | 6.87 | 7.19 | 7.50 | 7-79 | 8.08 | 8.35] 8.62 
4h” | 5.22 | 5.66 | 6.07 | 6.45 | 6.80 | 7.15] 7.47 | 7-78 | 8.08 | 8.37 | 8.65 | 8.02 
Se 5.48 | 5.92 | 6.32 | 6.71 | 7.07 | 7.42 | 7.75 | 8.06 | 8.37 | 8.66 | 8.904] 9.22 
Bhs 5-73 | 6.17 | 6.58 | 6.97 | 7.33 | 7-68 | 8.02 | 8.34 | 8.65 | 8.05 | 9.24] 9.52 
54 5.98 | 6.42 | 6.84 | 7.23 | 7.60 | 7.05 | 8.29 | 8.62 | 8.93 | 9.23 | 9-53] 9.81 
52” | 6.23 | 6.68 | 7.09 | 7.49 | 7.86 | 8.22 | 8.56 | 8.89 | 9.21 | 9.52 | 9.81 | 10.10 
6” 6.48 | 6.93 | 7-35 | 7.75 | 8-12 | 8.49 | 8.83 | 9.17 | 9.49 | 9.80 | 10.10 | 10.39 
8 Height of Shell 
PE 
wa | 34” | 397 1 38" | 4m ae [ak | aks? 58 | a) Ba 6” 


2” | 1.82] 1.89] z.95 | 2.01 | 2.08] 2.14] 2.19] 2.25] 2.30] 2.36 | 2.4%] 2.46 


iW 
a 
fon 
o 
re} 
a 
eS 
Go 
fon 
a 
a 
a 
co 
a 
o 
a 
x 
[e} 
x 
x 
wb 
Lal 


ry” 5.08 | 5.26] 5.41 5.58 5.73 | 5.88 | 6.03} 6.17 | 6.31] 6.45 | 6.58] 6.71 
24” | 5.86 | 6.05 | 6.23 | 6.41 | 6.58 | 6.75 | 6.04 | 7.07 | 7-23 | 7.30 | 7-54 | 7-69 
2)" 6.22 | 6.42] 6.61 | 6.80 : f 5 
2a 6.58 | 6.79 | 6.99] 7.18 | 7.37 | 7-55 | 7-73 | 7-02 | 8.08 | 8.25 | 8.41 | 8.58 
e, 6.93 | 7.14 | 7.35] 7-55 | 7.75 | 7-04] 8.12] 8.31 | 8.49] 8.66 | 8.83 | 9.00 
3h” | 7.27) 7.49 | 7.70] 7.91 | 8.11 | 8.31] 8.50 | 8.69 | 8.88 9.06 | 9.24 | 9.42 
3} 7.60 | 7.83 | 8.05 | 8.26 | 8.47 | 8.67 | 8.87 | 9.07] 9.26 | 9.45 | 9-63 | 9.81 
32” | 7.92 | 8.16} 8.38] 8.6x | 8.82] 9.03 | 9.24] 9.44 | 9-63 | 9.83 |10.02 |10.20 
4” 8.25 | 8.49 | 8.72] 8.94| 9.17 | 9.38 | 9-50 | 9.80 |10.00 |10.20 |10.39 | 10.58 
4%” | 8.56] 8.81] 9.04] 9.28] 9.50] 9.72 | 9.04 |10.15 |10.36 |10.56 |10.76 |10.96 
4x” 8.87 | 9.12 | 9.37 | 9.60 | 9.84 }10.06 |10.28 |10.50 |10.71 |10.92 |II.12 |11.32 
42” | 9.18] 0.44] 9.69 | 9.93 |10.16 |r0.40 |10.62 |10.84 |11.06 |r1.27 |11.48 |11.60 
5” 9.49 | 9.75 |10.00 |10.25 |10.49 |10.72 |10.95 |11.18 |11.40 |11.62 |11.83 |12.04 
52” | 9.79 |10.05 |10.31 |10.56 |10.81 |r1.05 |r1.28 |x1.5r |1I.74 [11.96 |12.18 |12.30 
5%” | 10.08 |10.36 |10.62 |10.87 |x1.12 |rx.37 |x1.6r |11.84 |12.07 |12.30 |12.52 |12.74 
Bao 10.38 |10.66 |10.92 |11.18 |11.44 |11.69 |11.93 |12.17 |12.40 |12.63 |12.85 |13.08 
6 10.68 |10.95 |11.23 |11.49 |11.75 |12.00 |12.25 |12.49 |12.73 |12.90 |13-19 |13.42 
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PUNCH AND DIE ALLOWANCE FOR ACCURATE 
WORK 


In the blanking, perforating and forming of flat stock in the power 
press for parts of adding machines, typewriters, etc., it is generally 
desired to make two different kinds of cuts with the dies used. 
First, to leave the outside of the blank of a semi-smooth finish, with 
sharp corners, free from burrs, and with the least amount of round- 
ing on the cutting side. Second, to leave the holes and slots that 
are perforated in the parts as smooth and straight as possible, and 


Punch Die 


Fic. 14.—Blanking Tools 


Punch ; 
Die 


Fic. 15.—Perforating Tools 


true to size. The table given is the result of considerable experi- 
menting on this class of work, and has stood the test of years of use 
since it was compiled. 

The die always governs the size of the work passing through it. 
_ The punch governs the size of the work that it passes through. In 
blanking work the die is made to the size of the work wanted and 
the punch smaller. In perforating work the punch is made to the 
size of the work wanted and the die larger than the punch. The 
clearance between the die and punch governs the results obtained. 
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Figs. 14 and rs show the application of the table in determining 
the clearance for blanking or perforating hard rolled steel .o60 inch 
thick. The clearance given in the table for this thickness of metal 
is .0042, and Fig. 14 shows that for blanking to exactly 1 inch diam- 
eter this amount is deducted from the diameter of the punch, while 
for perforating the same amount is added, as in Fig. 15, to the diam- 
eter of the die. For a sliding fit make punch and die .o0025, to 
.ooos inch larger; and for a driving fit make punch and die .ooo5 
to .oors inch smaller. 


TaBLE or ALLOWANCES FoR PuNcH AND Diz FoR DIFFERENT 
THICKNESS AND MATERIALS 


Thickness of Stock Clearance for Brass | Clearance for Medi- | Clearance for Hard 


Tre and Soft Steel um Rolled Steel Rolled Steel 
Inch Inch Inch 
.O10 .0005 .0006 .0007 
.020 .OOL .0O12 oCo14 
.030 .OOT5 0018 -0021 
.040 .002 .0024 .0028 
.050 0025 003 0035 
.060 003 0036 .0042 
070 0035 0042 -0049 
.080 .004 .0048 .0056 
.090 .0045 -0054 .0063 
.I00 .005 .006 .007 
-I10 0055 .0066 .0077 
.120 .006 .0072 .0084 
.I30 .0065 0078 0091 
140 .007 .0084 .0098 
150 0075 009 .O105 
-160 .008 .0096 .O112 
170 .0085 .O102 -OT19 
-180 .009 0108 0126 
-190 0095 .O1I4 0133 
-200 Kop Ke) O12 O14 


CLEARANCE FOR PUNCHES AND DIES 
FOR BOILER WORK 


THE practice of the Baldwin Locomotive Works on sizes up to 
ti inches is to make the punch inch below nominal size-and the 
die @ inch above size, which gives a; inch clearance. - Above 14 
inches the punches are made to nominal size and the dies gg inch 
large, which allows the same clearance as before. The taper on 
dies below 1} inches is 1 inch in 12; on sizes above 1} inches it is 
half this or $ inch in 12 inches. 


TYPES. OF PUNCHES AII 


Types of Punches 
Table 1 covers a series of punches for various sizes of pierced 
holes. The punch bodies at a point immediately under the head 
are .oor inch large for fitting snugly in the punch plate as indicated. 
Such punches are readily ground to size and fitted to their places. 


TABLE 1.—PIERCING PUNCHES 


Punch Holder Diam. 
\ WK Ponce are Cry ek 
\\\ Cc Inches 
IS SSS 
Gy Ze D 
Qa ous, | Hol ase | 36a] 26 | 28 
26 +4 1.376 | 340) 54 | 134 
Mach.Btoel Keo 94 6|.4385| 342| 56 | 134 
Punch Plate +9 54 |.50r | 342] 5g | 134 
LS. | 55 1346|.5635| 342] 56 | 134 
iM 5 34 |.626 | 340] 5g | 1 
1446 |1346|-6885] 342] 54 | 134 
34 | % |.751 | 342) 58 


The punches in Table 2 are useful where they are close to the 
edge of the punch holder and therefore reached by set screws. 
The sizes given range from 14 inch to 2 inches and they are suited 
for blanking as well as piercing operations. 


TaBLe 2—Prercinc Puncues Hetp sy SET Screws 


D= 
Diam.,| A B Cc E F G pea 

Inches 

YP 

WO 44 \34| 56] 36] 11 34 | Oo) 36 
ined so 158) 98) Slr | 92 | 98s) 58 
ala he 15) 4) 3) ual Be | Bal 
4 8 [he] t6| Sel rig] 58 | S46) Se 
% |3g| x °| $4] x34] 92 | 56°] Be 
rv 1] x | 82) 184) 82 | 82 | 6 
136 [56] x36] S41 rhe] 83 | 86 | He 
144 |36/ 1 4| 2 1% 4 138 4% 
133 +g | 134] 5 1%) 78 I 6| 32 
84 | b5| 184] 144] 126 2s [thal 6 
D> 2 +8 | 2 | 138] 176) % [346] 56 


A substantial type of punch for either piercing or blanking 

is covered in various sizes by Table 3. This construction provides 

for the securing of the punch in its holder by means of a fillister 
head screw tapped in from the top as indicated. 


Pinots 


The pilot is inserted in the blanking punch and is made to a 
long radius, equal at least to the diameter of the pilot body. This 
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TABLE 3.—PuNncHES HEtp py Screw TAPPED IN FROM THE Top 


De= 
Dissent 4B Ci eee eer 
Punch 
Bie 44/546] © |1}4\124| 546 
4 és ig 43 846| x |r44|186 54 
14 34 |286 | 32|/546| I |t34| 136] 56 
93, | 34 |3¢ | 56196°| x [xdg|x3e| 8 
64° | 36 Ise | 55/84 x |rfs ths] $6 
4 «| % 4 | 56)36 | x | 138/136) 56 
% |i 34 | 94/26 | I Beis, by 
I 134 6 | 34/36 | x |126|1346] 56 
1% (134 [24 | 34/86 | Be 56 
134 |13g |Sgo|r |94 | x |136|134| 54 
SE JES RBeii ds | | Lanne) 
I Y, 
2 234 68491194 |96 T |136|134| 56 


TABLE 4.—PILOTS FOR PROGRESSIVE BLANKING PUNCHES 


Y Tach |B [C=] Dp iaiateste 

\ 246|28 | B46] 242 [246] Woltd4o 
Wy Bota ies a Ee 
| ry] iy S46 6 a3, 38 146|1¥46 
}46|>4e| 46] and |246|1246|1916 

94 |36 | 96 | Blat a4) 82 [135 

rae % |36 | 36 ead Kol 4 |1%6 
——s I Ko\ el end |i46|126|1346 
es rv [3g | 34 | Plat reel 76 |rs¢e 


a 


question of pilots is of interest as they are so extensively used in 
connection with progressive dies. Table 4 herewith is laid out to 
cover pilot dimensions for the type of punch which is held by a 
fillister head screw tapped in from the top of the punch holder. 
The same dimensions apply also to pilots for the other classes of 
punches whose proportions are given in Tables 1, 2 and s, and in 
all cases the pilots should be ground or otherwise finished on the 
stem or shank to a press fit in the ends of the blanking punches. 

Ordinarily the pilots can be made of drill rod. In the: smaller 
sizes, as indicated in the tables, the point of the pilot is rounded to a 
definite radius given in Column D, Table 4. For larger sizes of 
pilots the bottom end is flat, reducing the length accordingly, and 
the corners are rounded to a radius of 34g inch. These proportions 
are varied where necessary but for a wide range of work they 
have proved satisfactory. 
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TABLE 5.—PROGRESSIVE BLANKING PUNCHES WITH PiLots 


For Pilot Dimensions Refer to Table 4 
Make L for All Punches Equal to Pilot Shank + 14 Inch 
(See Table ro for Pilots) 


Ve} oo o own vonoso 
SARA AORN 


Lo Be oe ee | 


WODOKDODONNANANANAANAAN 
NN ARDS AS NOREEN CONEINGDNED 


SDAA ATES 
be oe Bn on BO oe Bo oe eS 


OOOO OUDHO OO. + + + 
NNSINGNGINGINGNGINGINGE rs 
BRenohonononenenew ov Bo Tigra fa aa A ste ahaa, 
a ae a a ee en ie a ei a eee 
HH HHH ARR Rt 8 ew wee 


D = Diam., 
Inches 


C) © =) © A 
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ALLOWANCES FOR SHAVING 


As for any given material, or grade of stock, the condition of the 
contour of the blank will vary with the thickness of the metal, 
the amount left for shaving should likewise vary and with a fair 
degree of uniformity from the thinner gages to the thick material. 
Similarly the allowance for any given thickness should vary for 
soft, half-hard, and hard material. In order to cover these allow- 
ances for steel blanks of the three grades noted, Table 6 has been 
developed and has been given thorough tests in connection with 
numerous shaving dies operating on different classes of work. 

This table covers thicknesses of metal from 36,4 inch to } inch 
inclusive and also includes allowances for German silver and brass. 
For the latter twa materials, it will be noted, the shaving allow- 
ances are double those for steel of the same thickness. Table 
7 is arranged to give allowances where two shaving cuts are taken. 
From the quantities under the heading .“‘Allowances for second 
shave” it will be seen that the amount left for the second shaving 
operation is one-half that for the first. Thus in the case of a soft 
steel blank g¢-inch thick requiring two shaving cuts, .oo3 inch 
would be allowed on a side for the first shaving die to remove and 
.oors inch for the second shaving operation, or a total of .co45 
inch on a side or .oog inch over all, the blanking dies being made 
.oog inch larger than the finished size of the piece. 


Taste 6—Amount To ALLOW ON A SIDE FOR SHAVING CONTOUR 
WHERE ONLY ONE SHAVE IS TAKEN 


‘ Half- Ger- . 
Thickness Soft Hard Thickness 
of Blank, Steel, eed Steel, Silver poles of Blank, 

Inch Inch cack, Inch Tachi Inch 
34 (.0468 .0025 £003 .004 .005 .005 | %4 (.0468) 
ie tne -003 -004 005 .006 .006 | 46 peeu2E 
564 (.0782) | .0035 .005 | .006—.007 007 .007 | 544 (.0782 
782 aeo8e .004 .006 | .007—.008 .008 -008 | 349 (.0038 
Vea (.10904) | .005 007 .009—.011 -O10 -010 | Vea ee 
344 (.125) ,007 .009 | ,OL2—,014 .014 |. ,014 | #6 (.125 


SHAVING DIES 


A415 


TABLE 7——AMOUNT TO ALLOW ON A SIDE FOR SHAVING CONTOUR 
WHERE A SECOND SHAVING OPERATION IS USED 


Thickness of Blank, 


Allowance for First Shave 


wees Soft Steel, Half-hard Hard Steel, 
Inch Steel, Inch Inch 
364 (.0468) 0025 003 004 
Vig (.0625) 003 004 005 
564 (.078) 0035 005 .006 —.007 
349 (.0038) 004 006 .007 —,008 
V4 (.1094) .005 .007 .009 —.OIT 
Ye (.125) 007 009 .O12 —.0T4 
Allowance for Second Shave 
Thickness of Blank, 
pace Soft Steel Half-hard Hard Steel, 
Inch Steel, Inch Inch 
364 (.0468) . 00125 .OO1S .002 
46 (.0625) .OO1S 002 0025 
564 (. 78) .00175 .0025 .003 —.0035 
349 (.0938) .002 003 .0035—.004 
Ya (1094) 0025 0035 -0045—.0055 
1g. (.125) 0035 0045 .006 ~.007 
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TaBLeE 8—APPROXIMATE PRESSURES IN PoUNDS FOR PUNCHING 
Brass AND STEEL; FOR 1-INCH DIAMETER OF HOLE 


Shearing Strength of Brass per Sq. In, 
= 35,000 Lb. 
Shearing Strength of Steel per Sq. In. 


= 50,000 Lb. 
Shearing Strength of High-carbon Steel per 
Sq. In. = 75,000 Lb. 


Gage, U. S. Standard Plate 


No. Thickness Brass Steel ee Se 
28 -015625 1,718 2,454 3,681 
27 . 0171875 1,870 2,790 3,928 
26 01875 2,067 2,940 4,395 
25 .021875 2,408 3,422 “85,208 
24 .025 2,749 31927 5,890 
23 .028125 3,080 4,396 6,640 
22 03125 3,440 4,914 7,316 
21 034875 3,781 5,385 8,024 
20 -0375 4,123 5,890 8,835 
19 04375 4,816 6,876 10,484 
18 05 5,498 7,854 11,781 
17 .05625 6,190 8,940 13,236 
16 .0625 6,872 9,817 14,726 
15 - 0703125 7,696 10,990 16,520 
14 -078125 8,597 12,246 18,408 
13 - 09375 10,335 14,765 22,148 
12 - 109375 11,985 I7,110 25,721 
1 -125 13,744 19,635 20,452 
ade) .140625 15,505 22,135 33,040 
9 -15625 17,150 24,540 36,810 
8 .171875 18,912 27,900 39,280 
7 1875 20,672 29,400 43,950 
6 - 203125 22,321 31,870 47,900 
5 . 21875 24,080 34,220 51,680 
4 - 234375 25,729 36,700 55,224 
3 +250 27,490 39,270 58,900 
2 
I 


Rule: Multiply thickness of stock by length by shearing strength 
of material. 
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TABLE 9.—APPROXIMATE PRESSURE IN POUNDS FOR SHEARING 
BRASS AND STEEL FOR 1-INCH LENGTH oF CUT 


Shearing strength of brass per sq. in. = 35,000 lb. 
Shearing strength of steel per sq. in. = 50,000 lb. 
Shearing strength of high-carbon steel per sq. in. = 75,000 Ib. 
Gage, U. S. Standard Plate Pounds Pressure 
No. Thickness Brass | Steel al tate 
28 .015625 546 780 1,170 
27 .0171875 595 850 1,275 
26 .01875 615 940 I,400 
25 .021875 779 1,090 1,635 
24 -025 875 I,250 1,875 
23 .028125 980 1,405 2,100 
22 .03125 1,085 1,560 2,340 
21 -034375 1,190 1,715 2,550 
20 .0375 1,312 1,875 2,812 
19 04375 1,540 2,185 3,280 
18 -05 1,750 2,500 3,750 
17 -05625 1,960 2,810 4,200 
16 .0625 2,187 3,125 4,687 
15 0703125 2,480 3,515 55250 
14 078125 2,710 3,905 5,850 
13 -09375 3,290 4,700 7,950 
12 - 109375 3,815 5,405 8,200 
II 125 4,375 6,250 9,375 
ro 140625 4,935 75230 10,500 
9 -15625 5,460 7,810 I1,700 
8 .171875 6,020 8,598 12,900 
7 1875 6,562 9,375 14,062 
6 - 203125 7,075 IO, £55 15,225 
5 . 21875 7,667 10,935 16,425 
4 - 234375 8,190 11,715 17,550 
3 ,250 8,750 12,500 18,750 
2 
I 


Rule: Multiply thickness of stock by length by shearing a a ay 
of material. 


Tue Errect OF SHEARED TOOLS 


Where the tools are sheared, that is beveled off from one side to 
‘the other to give a gradual sloping cutting action, the pressure 
required is much less than given in the table, and may usually be 
taken at one-half of the pressures for flat tools for stock not over, 
say, 14-inch thick. Beyond that a safer amount would be FRO 
thirds of the pressure necessary for dies without shear. 
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ANOTHER TABLE OF CLEARANCES BETWEEN PUNCH AND DIE 


Table to has been computed to cover clearances for all gages of 
ae in the three gage standards commonly used for sheet 
metal. 

This table has been worked out more in detail to give clearances 
based upon various percentages of stock thickness ranging from 
5 per cent. to 12 percent. The firstcolumn is arranged to advance 
by increments of .oo5 inch, and directly opposite, under the respec- 
tive gage headings, are grouped the actual gage equivalents most 
closely corresponding to the thickness in the first column. 

Of the six columns of clearances, the first three are particularly 
adapted to very accurate work and small parts especially, 5 per 
cent. being the allowance computed for brass and soft steel; 6 per 
cent. for medium rolled steel; and 7 per cent. for hard rolled steel. 
Similarly, the other three columns cover the general run of work 
where a little more clearance is permissible, 8 per cent. being 
here allowed for brass and soft steel; ro per cent. for medium rolled 
steel; and 12 per cent. for hard rolled steel. 

These clearances apply to piercing dies as well as to dies for 
blanking. 


TaBLE OF Dre CLEARANCES OR RELIEF 


It is of value to know how much increase in blanking die size 
occurs as the face is ground down in resharpening. The table has 
been worked out to cover various angles of taper besides the con- 
ventional slope of 14 degree on a side. While the half-degree 
taper relief or clearance is almost universally used for ordinary 
dies, there are special instances where this angle has been exceeded, 
especially with certain piercing and perforating dies. 

While, ordinarily, the angle of 14 degree on a side will allow of 
the free discharge of the slugs from perforated blanks, such mate- 
rials as aluminum and similarly soft metals sometimes produce 
slugs that in the small sizes, particularly, tend to swage into the 

walls of the piercing die when forced down by the punch and 
because of the expanding action upon their limited areas, these 
slugs may then stick, and stack up and, becoming welded together, 
are likely to cause the punch to break or the die to become chipped 
around the edges of the small hole. 

The table is arranged to show the additional amount at each side 
of a die for every ten-thousandth ground off of its top face. 
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Typical Double-acting Sub-press 


In Fig. 16 is shown a typical double-acting sub-press with a lis’ 
of parts and the dimensions of each. The punch blanks and 
punches the piece at the same operation. A little study of the 
identification list on the right will make the operation clear. This 
is helped by the left side being shown in the lower position. 


7.S.| Std Blank 


rS.| To suit 


Ti 


Part Identification List 
ly, Sch 2 


right side m raised position. 


Scr. 
left half shows punchdown 


J | Frame assembly 
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Frc. 16.—Part List and Main Dimensions Sub-press Assembling Diagrams 
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TaBLE OF Diz CLEARANCES OR RELIEF 


eae Cc 
From Pace ae Clearance in WE aesitael Lee to Degrees 
af n 
Thoacetdths 

Inch 14 Degree | 1 Degree |1}¢Degrees| 2 Degrees |2}4 Degrees 
.O10 .000087 | .000175 | .000262 | .000349 | .000437 
.020 .000175 | .000350 | .000524 | .000698 | .000873 

J .030 .00024I | .000525 | .000786 | .co1047 | .0013I10 
-040 .000378 | .000700 | .001048 | .001396 | .001746 
+050 .000437 | .000875 | .c01310 | .001745 | .002183 
.060 .000524 | .OO1050 | .001572 | .002094 | .002620 
.070 .O0061I |, .001225 | .001834 | .002443 | .003016 
.080 .000698 | .cor400 | .002096 | .003092 | .003493 
+090 .000776 | .001575 | .002358 | .00314I | .003929 
. 100 .000870 | .001750 | .002620 | .003493 | .004370 
.II0 .000960 | .001925 | .002882 | .003839 | .004803 
.120 -O01047 | .002100 | .003144 | .004188 | .005239 
. 130 -OOII35 | .00224%5 | .003406 | .004537 | .005677 
-I40 .001222 | .002450 | .003668 | .004886 | .co6112 
.150 .001309 | .002625 | .003930 | .005235 | .c06549 
.160 .OO1417 | .002800 | .c04192 | .005584 | .006986 
.170 .001484 | .002975 | .0045541| .005933 | .007422 
.180 .OOI57I | .003150 | .004712 | .006282 | .007859 
.I90 .001658 | .003325 | .004978 | .006631 | .008295 
+200 .001746 | .003500 | .005240 | .co6980 | .008732 
.210 .001827 | .003675 | .005502 | .007329 | .0og169 
+220 -OO1QT4 | .003850 | .005764 | .007678 | .c0g605 

; +230 .002001 | .004025 | .006026 | .008027 | .o10042 

f +240 .002088 | .004200 | .006288 | .008376 | .o10478 
+250 .002175 | .004375 | .000550 | .008725 | .o10gI5 


This is much more than the average amount removed in one 
grinding, but it is a convenient increment to work from and the 
quantities in the columns that follow are very readily modified to 
correspond to any specified amount taken off the die face in the 
grinding operation. 

Consider the half-degree column: The increase at each side of the 
‘die is entirely negligible when the first .oro inch has been ground 
from the face, and only after the die has been ground down .120 
‘inch or almost }¢ inch does the diameter of the die become .oor 
‘inch greater on each side or .oo2z inch more over all. 


LUBRICANT FOR PRESS TOOLS 


_ AttHoucH there are some shops in which no lubricant is used 
when working sheet, metal, and where good results are obtained, still 
it is best to use a lubricant on all classes of sheet-metal work. 


4 


} 


ay 
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For all cutting dies on brass and steel a heavy animal oil is best. 
Pure lard oil is very satisfactory, although expensive. 

When punching copper, or German silver, a thin coating of lard 
oil or sperm oil should be spread over the sheets or strips before 
punching. A good way to do this evenly is to coat one sheet thickly 
and then feed it through a pair of rolls, after which a number of other 
sheets may be run through the rolls and thus coated evenly For 
drawn work this method of coating the sheets from which the shells 
are to be drawn will be found to be the best, as the coating of oil on 
the stock will be very thin and it will not be found necessary to clean 
the shells afterward, the oil having disappeared during the blanking 
and drawing process. When oil is applied with a pad or brush the 
coating will be so thick that it will be necessary to clean the article 
produced. 

DRAWING STEEL SHELLS 


In drawing steel shells a mixture of equal parts of oil and black 
lead is very useful, and while it may be used warm it does not affect 
the work as much as the speed of the drawing press does; the thicker 
the stock the slower must be the speed of the punch. A heavy 
grease with a small proportion of white lead mixed in with it is also 
recommended for this purpose. 

If the drawing die is very smooth and hard at the corner of the 
“draw,” or edge of the die, the liability of clogging will be reduced 
toa minimum. Often it will help to give to the die a lateral polish 
by taking a strip of emery cloth and changing the grain of the polish 
from circular to the same direction as the drawing. 


LuBRICANTS FOR BRASS 


For drawing brass or copper a clean soap water is considered most 
satisfactory. One of the largest brass firms in this country uses a 
preparation made by putting 15 pounds of Fuller’s soap in a barrel 
of hot water, and boiling until all the lumps are dissolved. This 
is used as hot as possible. If the work is allowed to lie in the 
water until a slime has formed on the shell it will draw all the 
better. A soap that is strong in resin or potash will not give 
good results. 

In drawing zinc the water should be hot, or the percentage of 
broken shells will be large. i 

Aluminum is an easy metal to draw, but it hardens up very 
quickly. For lubricants lard oil, melted Russian tallow and vase- 
line are all good. The lubricant should be applied to both sides 
of the metal. | 
Lubrication for Hot Dies | 


The life of hot dies, either for hot pressing or die casting, is 
directly affected by the lubricant used. Numerous experiment: 
indicate that 80 per cent mutton tallow and 20 per cent medium 
mineral lubricating oil give best results. Mixed at 150 degrees 
Fahr. and allowed to cool it is about the consistency of soft soap 
and is applied with a swab. It works well on either die-casting 01 
hot-pressing dies, but only lasts about ro per cent as long in the 
die-casting dies. Dies without lubricant lasted only 2 per cent as 
long as lubricated dies. 
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U. S; Navy STANDARD PUNCHES 


All punches and dies must be capable of punching 5,000 holes in 
medium steel plate, § inch less than the punch diameter, without 
regrinding. The proportions are shown in the table below: 


Saye areal 
= 


B 
Nominal Size A (Gi D E|F |G H 
Mini- | Maxi- 
mum mum 
aE 3a 0.175 | 0.205) } I 45] I |i] 2% 
4 t 0.203 | 0.234] 4 I 3 | Lie} 2% 
8 a} 0.288 10.325] + I ag} or [as 24 
3 8 0.317 | 0.356) 4 I & | LT lie] 23 
15 16 0.373 | 9.416] ¢ I te] I |as| | 29 
2 3 0.430 | 0.477] 4 I i] ria} 2% 
as te 0.486.| 0.537| 2 I $$] 1 |se] 23 
§ $ 0.543 | 0.598] 7 i $ | 1 |x 25 
tt pc 0.599 | 0.658] I +6] 1 [ae] 23 
3 Fi 0.656 | 0.710| 12% rh |r 3/te] 28 
ts te 0.713 | 0.779] Is 1 [tds]. 3] as]. 28 
$ 5 0.770 | 0.840] Taz 1% |th | Glas] 23 
bay it 0.826 | 0.900}, Taz te |iys| 4hae 2% 
I By 0.883 | 0.061} tay re ee 3/16 2% 
Iie Ive 0.945 | 1.023] Lay re [tk | alas]. 23 
14 I} 1.008 | 1.086] Igy re itd 41 23 
Iie Id 1.070 | 1.148] Igy re. 1} 4| 35 23 
14 1} 1.133 | 1.211] 195 ud, |r4 a]is| 2% 
Tolerances (all { FE OUOOS IH. Cis. 4 dei EL. +0.005].../...]..]+0. 000 
Sizes) .5 5 => THOR OOS apddicicezill, Ses madenitn —0.005 : —0.062 
U. S. Navy Busuincs ror PUNCHES 
(Dimensions in Inches) 
Tolerances 
Dimensions 

Plus Minus 

A 0.757 0.005 0.000 

B 1.010 0.010 ©.000 

C 1.219 0.005 0.005 

D Tey fs 0.005 0.005 

E 0.125 0.031 ©.000 
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Pi Salata -29723 ak ile Gaara 
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U. S. Navy Couprinc Nuts FOR PUNCHES 
(Dimensions in Inches) 


A B 
Coupling 
Nut No. 
Minimum Maximum Minimum Maximum 
I T2230 1.240 0.875 I.000 
2 I.570 1.580 0.875 I.000 


Nore.—No. 1x coupling nuts are for use in connection with 
punches up to and including 135 inches in diameter; No. 2 are for 
punches 14 inches in diameter. 


Pressure Required for Shearing or Punching 


Total length of cut in inches X Tensile strength of material in tons 
Thickness of metal in parts of inches 


EXAMPLE.—Total length of cut = 20 inches. Tensile strength, 
30 tons. Thickness, + inch. 20 X 30 = 600 + 4 = 150 tons. 
Or Tensile strength + thickness X length of cut gives same result. 


= Pressure 


PowreR REQUIRED FOR PUNCHING AND SHEARING 


Experiments tend to show that, with steel plates of 60,000 pounds 
tensile strength, the metal is all sheared when the punch has passed 
one-third through the plate. The following formula by L. R. 
Pomeroy takes this into account and also allows the motor an 
efficiency of 80 per cent and the punching machine 75 per cent. 

When T = full thickness of plate. i 

D = diameter of hole punched. 

N = number of holes punched per minute. 

P = horse-power required to drive machine. 
eel ODEN 


3-78 
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Taking a }-inch hole in a z-inch plate, the power required to 
punch 30 per minute would be 
4X 3X 30 _ 3-75 

3.78 3-78 

Pressure required for shearing = length of cut X thickness in 
inches X shearing strength of material. Dies with ‘‘shear” reduce 
this one-third to one-half. 

A simple rule is: Multiply the length of the cut by the tensile 
strength of the material, in tons. This gives the pressure required 
to punch a 1-inch plate. Divide by the thickness of the plate in 
inches for pressure necessary, 7.¢., if plate is ¢ inch thick divide by 8, 
_ if gg inch thick divide by 16, etc. 


or about 1 horse-power. 


STRENGTH or PuNcH PRESS SHAFT AND HousING 


A similar rule for the strength of a crankshaft of not over 4-inch 
throw, is: Square the diameter of the shaft and multiply by 33. 
By this rule, a 5-inch shaft with a throw not over 4 inches with- 
stood a pressure of 5 X 5 X 33 = 873 tons. 

In designing the housing, allow 1 square inch of area for each 
ton of pressure and make the housing 25 per cent stronger than the 
shaft. 

These figures are for determining whether presses are strong 
enough for the work rather than for designing. 


BROACHES AND BROACHING 


BROACHING is being used more and more to finish holes and even 
for slots and the outside of pieces of work. In most cases it is used 
to change a round hole to a square or other shape, such as the four. 
six or ten key ways, or splines, used in automobile transmission. 

The chip cut by each tooth varies from 0.001 to 0.007 inch, 
according to the material being cut and the accuracy required. 
The teeth are usually undercut from 6 to ro degrees to give a curl to 
the chip, while the top clearance is about 30 degrees. Some English 
practice undercuts 25 degrees, having top nearly flat. The distance 
between teeth varies according to the length of the hole being 
broached, the spacing being larger for long holes so as not to have 
too many teeth engaged at once, three being a good number. 


The First Chip The Last Chip Section of Broached Hole 
Fic. I 


In broaching square holes from the round, or in other cases where 
there is a decided change of shape, the first teeth take the widest 
cut as at A, Fig. 1. This evens up the work of the different teeth 
as to the length of surface cut as the hole approaches a square as 
seen at B, j 

The blank for the cutting part of each broach is first turned taper 
by an amount equal to the total cut of the teeth. The tool spaces 
are cut about % inch apart and about 3 inch deep, this depending 
on the diameter of the broach, as it must not be unduly weakened; 
it is then milled 48 inch square as shown. The longer the hole the 
more chip room must be provided. 

Where the hole or other surface to be broached is short, the teeth 
are often cut on an angle to give a shearing cut. ‘This is also done 
to prevent chatter at times, another remedy being to space the teeth 
unevenly as with reamers. 

The solid broach is used more than any other. But as tool steel 
is apt to spring in hardening, and to break out teeth at times, some 
use built-up or sectional broaches, especially on large work where 
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the solid broach costs heavily. Some use low carbon steel, case 
hardened. ‘These sectional broaches are made in a variety of ways, 
Fig. 2 showing examples where the sections are practically disks 
held on a central arbor. In some cases several teeth are made on 
one section. This is for broaching internal gears having 66 teeth, 
20 diametral pitch and 3 inch face. Each tooth cuts 0.006, the last 
three teeth being straight to insure the size being accurate. 
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BROACHING ROUND HOLES 


Round holes have been broached instead of reamed in some places 
for many years and the practice is growing. It was formerly con- 
fined to soft metal, such as shaft bearings, but is now being made 
to cover all the metals, in some few cases broaching from a cored 
hole. For small work a small arbor press with a sort of sub-press 
can be used to advantage. For larger work the arbor press operated 
by power is very good and of course the regular broaching machine 
can be used in any case. These are for “push” broaching. 
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Two broaches used in one shop are shown in Fig. 3, other sizes 
can be made in proportion. These were used in a hand arbor press. 
The first 5 or 6 teeth do most of the cutting as these broaches only 
finish the holes instead of reaming. In some cases with broaches for 
soft metal bearings and even in cast iron, the large end is left plain 
or with buttons and a trifling amount larger than the last tooth. It 
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then acts as a burnisher and compresses the metal. This requires 
a large amount of power. 

In broaching round holes in cast iron, the broach was made from 
0.0002 to 0.0003 inch larger than the nominal size and the land was 
0.012 as shown. ‘The holes were drilled close to size so as to leave 
very little work for the broach. In this case about 0.002 inch was 
left for broaching. 

Push broaches are usually short, being from 6 to r2 inches long. 


TO SAVE TIME IN BROACHING OUT SQUARE HOLES 


The fit on a square shaft depends almost entirely on the flat 


surfaces at or near the corners. With this in mind, it isan economy 


to bore or drill the round hole in the gear slightly larger than the 

diameter across the flats of the squared shaft, as shown in Fig. 4. 
Taking a 14-inch square shaft and boring the hole 7g inch larger 

or 135; inches in diameter, we see in the illustration exactly what this 


” 


1% 


would mean, The amount of metal to be cut out would be mate- 
rially reduced, the portion A to B not being touched by the broach 
in any way. Yet the remaining surface in the corners would be 
ample to carry all the load and the clearance A to B would allow the 
best of lubrication. 

The center relief, as shown, gives considerable added chip space as 
well as reduces the amount of chip, thus allowing a heavier chip per 
tooth. This may either reduce the length of the broach or allow a 
longer hole (such as two holes at once) to be broached with the same 
length of broach. 

The set of 7 broaches shown in Fig. 5 show the practice of the 
Brown & Sharpe Mfg. Co. in making gears having square holes. 
The gears are of a tough alloy steel making the 7 necessary to secure 
an accurate hole of 1} inches across the flats. Each broach is 303 
inches long, the cutting portion being only r7}inches. The method 
of holding the shank can be readily seen. : 
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The present practice in transmission gears is to use shafts having 
six splines, the holes being broached in the same way as the square 
holes referred to on pages 428-430. The chip per tooth is approxi- 
mately the same, the shape of the broach being made to conform 
to that of the splines used. Standard splines are shown on page 795. 

Pull broaching machines are also made double, to carry two 
broaches and finish two holes at once. Both screw and hydraulic 
feed are used. Some push broaching machines are hydraulic but 
more are mechanical. Multiple push broaching machines have 
also been built. 


BOLTS, NUTS AND SCREWS 


STANDARD BOLTS AND NUTS 


Bolts, nuts and screws are all being changed to conform to 
practical standards and to reduce odd wrench sizes wherever 
advisable. The following pages show the sizes recommended and 
in some Cases retain the old tables. It will be noted that toler- 
ances are now given for bolt heads as well as for the threads, 


STRENGTH OF STANDARD Botts FROM } TO 3” DIAMETER 


Bolt Areas Tensile Strength Shearing Strength 
2/8 Bo 8 3 Pull Bolt Potent 
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Sd Sofood of BEL BE fp Sho) SA SF [oss 
Bloel sa | Bo) Sse | Roe dose] Sab Se] Bs 
ivet On 3 io} pn pn p A pA pA pm 
AIA & -Q <x <x x < <q =< 
{ |20 049] .027 340| 470] = 380] — 490 200 270 
te {18 | .077] .045} 570] 790] 580] 770] 340] 450 
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bal pao) +442) .302] 3,770} 5,290] 3,310) 4,420) 2,270) 3,020 
| 9 | .60r] .419} 5,240] 7,340] 4,510] 6,010] 3,150] 4,190 
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1x8 | 5% 2.074|r. 515] 18,940] 26,510] 15,550) 20,740] 11,360] 15,150 
IZ |] 5 }2.405]1.745| 21,800] 303520] 18,040] 24,050] 13,080] 17,440 
If | 5 |2.76r]2.049} 25,610] 35,860] 20,710] 27,610] 15,370] 20,490 
2 4% 13-142|2.300] 28,750] 40,250] 23,560| 31,420] 17,250] 23,000 
2% | 4% |3.976)3.021| 37,770] 52,870] 29,820] 39,760] 22,660] 30,210 
22 | 4 |4.909]3.716] 46,450] 65,040| 36,820] 49,090} 27,870] 37,160 
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3 3317-00915 .428| 67,850] 94,990 53,0201 70,690! 40,7101 54,280 
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A.S.M.E. STANDARD PROPORTIONS OF MACHINE SCREWS 


Tue diagram and tables herewith show the proportions of 
machine screws as recommended by the committee of the American 
Society of Mechanical Engineers on Standard Proportions for 
Machine Screws, the report of this committee being adopted by 
the Society at its spring meeting, 1907. 

The included angle is 60 degrees, and the flat at top and bottom 
of thread is one-eighth of the pitch for the basic or standard diam- 
eter. There is a uniform increment of 0.013 inch, between all sizes 
from 0.06 to o.19 (numbers o to to in the tables which follow) 
and of 0.026 inch in the remaining sizes. This change has been 
made in the interest of simplicity and because the resulting pitch 
diameters are more nearly in accord with the pitch diameters of 
screws in present use. | 

The pitches are a function of the diameter as expressed by the 
formula 
6.5 


Threads per inch = We Sey 


with the results given approximately, so as to avoid the use of 
fractional threads. f 

The diagram shows the various sizes for both 16 and 72 threads 
per inch, and shows, among other things, the allowable difference | 
in the flat surface, between the maximum tap and the minimum | 
screw, this variation being from one-eighth to one sixteenth. | 

The minimum tap conforms to the basic standard in all respects, 
except diameter. The difference between the minimum tap and 
the maximum screw provides an allowance for error in pitch and 
for wear of tap in service. | 

The form of tap threads shown is recommended as being stronger 
and more serviceable than the so-called V-thread, but as some 
believe a strict adherence to the form shown might add to the cost 
of small taps, they have decided that taps having the correct angle 
and pitch diameter are permissible even with the V-thread. 

The tables given by the committee were combined into the pres- 
ent compact form by the Corbin Screw Corporation, | 
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Heap Dimensions FLat-nreap MAcHINE SCREWS 


FORMULA 
Dimen- 
sions 
Maximum Minimum 

B |2.04A — 0.003/1.96A — 0.013 
C |o.619A — 0.002/0.552A:— 0.007 
D 0.182A + 0.020/0.164A + 0.010 
E  jo.228A — 0.002]0.192A — 0.002 

W 82° 80° 

B Cc. | D | E 

A 
Max. | Min. | Max. | Min. | Max. | Min. | Max, | Min 

I 0.073] 0.146] 0.130] 0.043] 0.033] 0.033} 0.022} 0.019) 0.0T2 
2 0.086| 0.172] 0.156] 0.051] 0.040\ 0.036] 0.024] 0.023} 0.015 
3 0.000] 0.199] 0.181] 0.059] 0.048] 0.038] 0.026] 0.027] 0.017 
4 0.112| 0.225] 0.207] 0.067] 0.055] 0.040] 0.028) 0.030) 0.020 
5 0.125] 0.252] 0.232] 0.075] 0.062] 0.043] 0.031) 0.034) 0.022 
6 0.138] 0.279] 0.257] 0.083] 0.060] 0.045] 0.033] 0 038] 0.024 
8 0.164] 0.332] 0.308] 0.100] 0.084] 0.050) 0.037} 9.045) 0.029 
10 0.190] 0.385] 0.350] 0.116] 0.098] 0.055] 0.041] 0.053} 0.034 
12 0.216] 0.438] 0.410] 0.132] 0.112] 0,059} 0.045) 0 060] 0.039 
3 0.250|-0.507] 0.477] 0.153] 0.131] 0.066] 0.051} 0.070] 0.046 
+5 0.313] 0.636] 0.600] 0.192] 0.166] 0.077] 0.061) 0.088 0.058 
3 0.375| 0.762] 0.722| 0.230] 0.200] 0.088] 0.072] 0.106] 0.070 
18 0.438] 0.801] 0.845] 0.260] 0.235] 0.100] 0.082} 0.124] 0.082 
4 0.500] 1-017] 0.967] 0.308] 0.269] O.III] 0.092] 0.142) 0.004 


A dimensions are maximum for body diameter and are used for formulae 
calculations. These dimensions are identical to maximum major thread 
diameters. 


The minimum for A is the minimum major thread diameter. 
Heap Dimensions FILLIsTER-HEAD MacuInre SCREWS 
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FORMULA 


Maximum Minimum 


.67A —0.004|1.61A = 0.014 
.66A —0.002/0.60A —0 .007 
.182A + 0.020/0.164A -- 0.001 
.444 — 0.001\0.374A — 0.011 
.88A — 0.003/0.82A~ = 0.008 
.28A + .0.004/0.22A — 0.001 


Ra soaw 
O0O0008 
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Heap Dimensions OvaL-HEAD MacuHINE SCREWS 
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.182A + 0.020/0.164A + 0. 
.550A — 0.003/0.460A — o. 
.923A + 0.001/0.820A — o. 
.304A + 0.003]0. 268A — o. 
82° 80° 


O13 
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o1o 
003 
008 
oor 
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OVAL HEAD SCREWS 
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Hrap DimENSIONS RouND-HEAD MAcHINE SCREWS 


FORMULA 
ig B Dimen- 
~>}eD sions 
menial ee Maximum Minimum 
—- E | 
2 B 1.887A 1.813A — 0.010 
Cc 0.636A + 0,015]0.624A + 0.005 
D 0.182A + 0.020/0.164A + 0.010 
E 0.362A + 0.017J/0. 268A + 0.013 
B € D | E 
A 

Max. } Min. | Max. | Min. | Max. | Min. | Max. | Min. 
I 0.073] 0.138] 0.122] 0.061] 0.051] 0.033} 0.022) 0,043) 0.033 
2 0.086] 0.162] 0.146] 0.070] 0.050] 0.036] 0.024] 0.048] 0.036 
3 0.099| 0.187] 0.169] 0.078] 0.067]. 0.038] 0.026] 0.053] 0.040 
4 0.112] 0.211| 0.193] 0.086] 0.075] 0.040] 0.028] 0.058] 0.043 
5 0.125] 0.236] 0.217] 0.0905] 0.083} 0.043] 0.031 0.062] 0.047 
6 0.138] 0.260] 0.240] 0.103] 0.091] 0.045] 0.033] 0.067] 0.050 
8 0.164] 0.300] 0.287] 0.119} 0.107] 0.050] 0.037 0.076] 0.057 
10 0.190] 0.359] 0.334] 0.136] 0.124] 0.055] 0.041 0,086] 0.064 
12 0.216] 0.408] 0.382] 0.152] 0.140] 0.059] 0.045] 0.095] 0.071 
PY 0.250| 0.472] 0.443] 0.174] 0.101] 0.066] 0.051] 0.108 0.080 
te 0.313]. 0.591| 0.557| 0.214] 0.200] 0.077] 0.061] 0.130) 0.007 
3 0.375| 0.708] 0.670] 0.254] 0.239 0.088] 0.072] 0.153] 0.114 
re 0.438] 0.827] 0.784] 0.204] 0.278] 0.100] 0.082 0.176] 0.130 
0.500] 0.944] 0.897] 0.333] 0.317] O.III| 0.092 0.198} 0.147 


PIE Re AED O Sapna rama names agus Cre 
Se 

A dimensions are maximum for body diameter and are used for formulae 
calculations. These dimensions are identical to maximum major thread 


diameters. _ ; fie: : 
The minimum for A is the minimum major thread diameter. 
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STANDARD SIZES OF WRENCH HEAD BOLTS AND NUTS 
AND WRENCH OPENINGS 


Proposed by the A. E. S. C., A. S. M. E.and S. A. E., October, 1925. 


These standards are intended for general use by all industries to 
replace the various existing standards now in use. 

These tables are believed to be acceptable to various industries 
and will cause little disturbance of present practice. Wherever 
possible, the U. S. standard sizes of bolt heads and nuts have been 
reduced to some existing shop standard after giving consideration 
to theoretical analysis of stresses in bolts and nuts and making tests 
of samples. Deviations from theoretical sizes have been made in 
order to keep the number of wrench openings small and to conform 
to manufacturing processes. The greatest possible tolerances have 
been allowed, but will usually be much less in practice. 

The number of wrench openings required have been reduced 
through simplification of outside dimensions of bolt heads.and nuts 
and elimination of sizes little used. This has caused deviations 
from results calculated by formulas for sizes of bolt heads and nuts 
due to eliminating the thirty-seconds from all sizes. 

The sizes of bolt heads and nuts are intended to supersede all existing 
standards which have grown up for commercial standard bolt heads 
and nuts. 

It will be noted that the maximum sizes of both finished and 
rough products are the same, so that wrenches are applicable inter- 
changeably to either class of bolt head or nut. In all cases the 
nominal or basic widths across flats of bolt heads and nuts have been 
taken as maximum sizes, and the tolerances on bolt heads and nuts 
are minus only. 

The minimum wrench openings provide a positive clearance 
between maximum nut and minimum wrench and the tolerances 
on wrench openings are plus only. ‘This insures a fit of the wrench 
to the bolt head and nut. The tolerance allowed the wrench 
manufacturer has been made as great as is possible without causing 
the deformation of the corners of bolt heads or nuts. 
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TABLE 1.—RovUGH AND SEMI-FINISHED SQUARE AND HEXAGONAL 
RecutaR Bort HEAps 


(All Dimensions in Inches. D = Diameter of Bolts) 


Minimum 
Width across Flats | Width across Height 
Diameter Corners 
of Bolt 
D 
Maximum Mini Hex. |Square Moma Mex Minis 
3 0.2500 3 0.3750 | 0.363] 0.414] 0.408 #4 | 0.188] 0.156 
ae. 0.3125 4 0.5000 | 0.484] 0.552] 0.665 # | 0.220] 0.186 
a. 0". 3750 is 0.5625 | 0.544] 0.620] 0.747 ft, 0.268] 0,232 
te 0.4375 $ » 0.6250 | 0.603] 0.687] 0.828 0.316] 0.278 
3 0.5000 3 0.7500 | 0,725] 0.827] 0.905 2 | 0.348] 0.308 
we . 0.5625 t 0.8750 | 0.847] 0.966] 1.163 i, 0.306] 0.354 
$ 0.6250 t& 0.9375 | 0.906] 1.033] 1.244 0.444] 0.400 
i 0.7500 | rf I.1250 | 1.088] 1.240] 1.494 4 0.524] 0.476 
$ 0.8750 |, 13% 1.3125 | 1.260] 1.447] 1.742 43 | 0.620] 0.568 
I I.0000 | 14 I.5000 | 1.450] 1.653] 1.901 34 | 0.684] 0.628 
1} I.1250 | 134 1.6875 | 1.631] 1.850] 2.2390 2 0.780] 0.720 
14 I.2500 | 1} 1.8750 | 1.813] 2.067] 2.480 $3 | 0.876] 0.812 
I} I.5000 oh 2.2500 | 2.175] 2.480] 2.986] 1 1.036] 0.964 
12 I.7500 | 2 2.6250 | 2.538] 2.8093] 3.485] 1a | 1.196} 1.116 
2 2.0000 | 3 3.0000 | 2.900] 3.306] 3.982] 144 | 1.388] 1.300 
24 2.2500 | 3% 3.3750 | 3.263] 3.720| 4.480] 13 1.548] 1.452 
2y 2.5000 | 3? 3.7500 | 3.625) 4.133] 4.977| 134 | 1.708] 1.604 
2% 12.7500 | 4 4.1250 | 3.988) 4.546] 5.476] 144 | 1.885] 1.773 
3 3.0000 | 44 4.5000 | 4.350] 4.9590] 5.973] 2 2.060] 1.960 
Formulas 


Width across flats of rough and semi-finished regular bolt heads shall be 
1} D with adjustments in the ys-inch sizes to eliminate 3z-inch size wrench 
openings. 

Tolerance for width across flats shall be minus 0.05 D. 

Minimum width across rounded corners of hexagon equals 1.14 times 
minimum width across flats. 

Height of head shall be ? D. 

Tolerance for height of head for rough bolts shall be 0.032 D + 0.024. 

The top of bolt head shall be flat and chamfered, angle of chamfer with 
top surface 30 degrees; diameter of top flat circle shall be 100 per cent of the 
nominal width across flats. 

Tolerance on top flat circle shall be minus I5 per cent. 

Rough and semi-finished regular bolt heads shall be at tight angles to the 
body within 3 degrees and concentric with the body within a tolerance of 
3 per cent of the distance across flats. 

idth across flats shall be measured at the bottom of the bolt head. 
Taper of sides of bolt heads shall not exceed 4 degrees. 

Minimum width across rounded corners of square equals 1.373 times 

minimum width across flats, 
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TABLE 2.—FINISHED SQUARE AND HEXAGONAL Bott HEADS 
(All Dimensions in Inches. D = Diameter of Bolts) 


Bolt Head 
Di ; Minimum | R 
jeer Width across Flats | Width across Height 
Corners 
. Mini- Nomi-| Maxi-| Mini- 
Maximum ine Hex. |Square sali leadeen nie 
i 0.2500 ys 0.4375 | 0.428] 0.488] 0.588 # | 0.194] 0.180 
z 0.3125 Ys 0.5625 | 0.552] 0.628] 0.757 45 | 0.242] 01227 
$ 0.3750 g 0.6250 | 0.613] 0.699] 0.840 gs | 0.280] 0.273 
i 0.4375 4 0.7500 | 0.737] 1.840] r.012 #: | 0.337] 0.319 
i 0.5000 3% 60.8125 | 0.790] 0.911] 1.006 3 0.385] 0.365 
0.5625 $ 0.8756 | 0.860] 0.980} 1.181 42 | 0.433] 0.411 
{ 0.6250 48 0.0375 | 0.922] 1.052] 1.266 4% | 0.481] 0.457 
0.7500 | I¢ I.1250 | I.r07| 1.263] I.519 vs | 0.576] 0.549 
t 0.8750) | 'rs_ 1.3125 | 1.203) 1.474) 1.775 # | 0.672] 0.641 
I I.0000 | 1} I.5000 | 1.479} 1.686] 2.031 a 0.768] 0.733 
I 1.1250 | 174 1.6875 | 1.665] 1.898] 2.286 22 | 0.863] 0.824 
I I.2500 | If 1.8750 | 1.850] 2.109] 2.540 218 | 0.9590] 0.916 
I 1.5000 | 2} 2.2500 | 2.222] 2.534] 3.051] 14 I.150] 1.100 
r I.7500 | 23 2.6250 | 2.503] 2.955] 3.500] 23% | 1.341] 1.284 
2 2.0000 | 3 3.0000 | 2.964] 3.379] 4.070] 1} I.533] 1.468 
2 2.2500 | 3% 3.3750 | 3.335] 3.802] 4.579] i$ | 1.724) 1.651 
24 2.5000 | 3% 3.7500 | 3.707] 4.226] 5.090] 1% I.915| 1.835 
2t 2.7500 | 44 4.1250 | 4.078] 4.646] 5.500] 275 | 2.106] 2.019 
3 3.0000 | 43 4.5000 | 4.449] 5.072| 6.108] 2} 2.298] 2.203 
Formulas 


Width across flats of finished hexagonal bolt heads shall be 13 D except 
hat on bolts from } to 7 inch in diameter the width across flats =i} D+ 
fs inch with adjustments in the js-inch sizes, to eliminate -inch-size 
vrenchopenings. 

Tolerance for width across flats shall be minus 0.015 D + 0 

Height of heads from top of head to under side of washer [sry soi be 3 D. 

Tolerance for heights of heads shall be 0.030 D + 0.005. 

Minimum width across rounded corners of hexagon equals 1.14 times 
ninimum width across flats. 

The finished top shall be flat and chamfered; angle of chamfer with top 
ur ace 30 degrees; diameter of top flat circle shall be 100 per cent of the 
1ominal width across flats, 

Tolerance on top flat circle shall be minus 15 per cent. 

Finished bolt heads shall be at right angles to the body within 2 degrees 
nd concentric with the body within a tolerance of 3 per cent of the dis- 
ance across the flats. 

All finished bolts shall be washer faced, the thickness of the washer face 
yarts shall be the distance from top of head to Be tia surface. 

The thickness of washer face shall be & inch. 

The bearing surface of washer face shall equal the width across flats 
vith a plus or minus tolerance of 5 per cent. 

Minimum width across rounded corners of square equals 1.373 times 
ninimum width across flats. 
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TABLE 3.—FINISHED HrxaGonaL Cap Screw Heaps 
(All Dimensions in Inches. D = Diameter of Bolts) 


Width across Flats Mini- Height 
Diameter mum 
of ae! Width 
. Mini- | across | Nomi- | Maxi- | Mini- 
Maximum mum | Corners nal mum | mum 
4 0.2500 ise 0.4375 | 0.428 0.488 5} 0.194 | 0.181 
is 0.3125 % 0.5000 | 0.489 | 0.558 ys 0.242 | 0.227 
# ©0.3750 Ys 0.5625 | 0.551 0,628 ae 0.289 | 0.274 
ys 0.4375 & 0.6250 | 0.612 0.699 # 0.337 | 0.319 
% 0.5000 $ 0.7500 | 0.737 0.840 $ 0.385 | 0.365 
fs 40.5625 42 «0.8125 | 0.708 0.910 # 0.433 | 0.411 
§ 0.6250 & 0.8750 | 0.860 0.980 us 0.481 | 0.457 
2. 0.7500 | x 1.0000 | 0,983 I.120 0.576 | 0.549 
%. 0.8750 14 1.1250 | 1.106 I.265 % 0.672 | 0.641 
I I.0000 Ife 11,3125] 1.201 1.474 = 0.768 | 0.733 
14 I.1250 14 I.5000 | 1.477 1.686 rea 0.863 | 0.824 
1} I.2500 144 1.6875 | 1.663 1.8098 4G 0.959 | 0.916 
Formulas 
Width across flats of cap screw heads shall be as follows: 
Diameter of Bolt Width across Flats 
to D og 
to } D8. 
ES . Date 
1} D+ 
ut D+ 


Tolerance for width across flats shall be minus 0.015 D plus 0.006. 

Height of heads shall be 3? D. 

Tolerance for height of heads shall be 0.030 D + 0.005. 4 

Minimum width across rounded corners of hexagon equals 1.14 times 
minimum width across flats. x 

The finished top shall be flat and chamfered, angle of chamfer with tor 
surface 30 degrees, diameter of top flat circle shall be 100 per cent of the 
nominal width across flats. 

Tolerance in diameter of top flat circle shall be minus 15 per cent. 

Cap screw heads shall be at right angles to the body within 2 degrees and 
concentric with the body within a tolerance of 3 per cent of the distance 
across the flats. 

All cap screws shall be washer faced. The thickness of the washer-faced 
parts shall be the distance from top of head to bearing surface. The thick- 
ness of washer face shall be a inch. The bearing surface of washer face 
shall be 100 per cent of the nominal width across flats. cai 

Tolerance in diameter of circle of washer face shall be plus or minus 
5 per cent. “ : 

Minimum width across rounded corners of square equals 1.373 times 
minimum width across flats, 
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TABLE 4.—SET Screw Hraps 
(All Dimensions in Inches. D = Diameter of Bolts) 


Width across Flats Height 

Diameter 

of Screw 
j pans) |) Mee | Soa Mest lM 
he 012500 + 0.2500 | 0.241 % 0.197 | 0.179 
ste 023525 ts 0.3125 | 0.302 tt 0.245 | 0.224 
Hs 1.063750 2 0.3750 | 0.362 & ©.293 | 0.270 
Ye 9.4375 ve 09-4375 | 0-423 a 0.341 | 0.315 
% 0.5000 % 0.5000 | 0.484 3 0.389 | 0.361 
ts 0.5625 ys 0.5625 | 0.545 2 | 0.437 | 0.407 
& 0.6250 & 0.6250 | 0.607 4 0.485 | 0.452 
=. 0.7500 = 0.7500 | 0.729 & 0.582 | 0.544 
t 0.8750 % 0.8750 | 0.852 B 0.678 | 0.635 
I I .0000 I I.0000 | 0.974 3 0.774 | 0.726 
1%. 1.1250 I$-8(., LsD250, | £2007 2h 0.870 | 0.817 
TP) (iehe5oo.!| 120° 1.'2500) | 1/219 ra 0.967 | 0.909 
Ig | I-:5000 1% 1.5000 | 1.464 1% 1.159 | 1.091 

Formulas 


Width across flats of set screw heads shall be equal to diameter of screw (D). 

Tolerance for width across flats shall be minus 0.020 D + 0.006 (except 
for } and 3%). 

eight a set screw heads shall be ? D. 

Tolerance for height of heads shall be 0.040 D + 0.008 

Width of neck under head to be not over 2 times the pitch of the thread. 

The radius of the crown of the head is to be 2} D. 

When head is not necked, it must be beveled not more than 40 degrees 
under the head. 

Minimum width across rounded corners of square equals 1.373 times 
minimum width across flats, 
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TaBLE 5.—ROUGH AND SEMI-FINISHED SQUARE AND HEXAGONAL 
REGULAR Nuts 


(All Dimensions in Inches. D = Diameter of Bolts) 


Minimum 
Width across Flats | Width across Thickness 
Diameter Corners : 
of Bolt 
D 
Maximum Mini- | Hex. |Square] Nomi-| Maxi-] Mini- 
mum nal | mum | mum 
+ 0.2500 ws 0.4375 | 0.425] 0.485] 0.584 gy | 0.235] 0.203 
fs 0.3125 fs 0.5625 | 0.547] 0.624] 0.751 +4 | 0.283] 0.249 
% 0.3750 $s 0.6250 | 0.606] 0.691] 0.832 # =| 0.346] 0.310 
ve 0.4375 2 0.7500 | 0.728] 0.830] 1.000 3 0.394] 0.356 
4 0.5000 42 0.8125 | 0.788] 0.898] 1.082 ye | 0.458] 0.418 
fs 0.5625 %- 0.8750 | 0.847] 0.966] 1.163 # | 0.505] 0.463 
% 0.6250 48 0.9375 | 0.906] 1.033] 1.244 u 0.560] 0.525 
2 0.7500 | I¢ 1.1250 | 1.088] 1.240] 1.494 0.680] 0.632 
$ 0.8750 | Ive 1.3125 | 1.269] 1.447] 1.742 45 | 0.792] 0.740 
I 1.0000 | 1} I.5000 | 1.450] 1.653] 1.991 $ 0.903] 0.847 
It 1.1250 | 134 1.6875 | 1.631] 1.850] 2.239] I I.030] 0.970 
1} 1.2500 | If 1.8750 | 1.813] 2.067] 2.480] Igy | 1.126} 1.062 
I} 1.5000 | 24 2.2500 | 2.175] 2.480] 2.986] 1 | 1.349] 1.277 
14 1.7500 | 2% 2.6250 | 2.538] 2.893] 3.485] 144 | 1.571] 1.401 
2 2.0000 | 3 3.0000 | 2.900] 3.306] 3.982] If 1.794] 1.706 
2} 2.2500 | 3% 3.3750 | 3.263] 3.720] 4.480|> 13} | 2.017] 1.921 
2} 2.5000 | 32 3.7500 | 3.625] 4.133] 4.977] 2x6 | 2.240] 2.136 
24 2.7500 | 44 4.1250 | 3.088]: 4.546] 5.476] 243 2.350| 2.462 
3 3.0000 | 43 4.5000 | 4.350] 4.959] 5.973] 2% 2.685] 2.565 
Formulas 


Width across flats of rough and semi-finished regular nuts shall be 1} D, 
except as follows: diameter of bolts } to 3 inch; width across flats = 
1} D + #5 inch, with adjustment in the 7s-inch sizes to eliminate 32nd-inch- 
size wrench openings. 

Tolerance for width across flats shall be minus 0.05 D. 

Minimum width across rounded corners of hexagon equals I.14 times 
minimum width across flats. 

Thickness for rough and semi-finished nuts shall be } D. 

Tolerance for thickness shall be 0.032 D + 0.024. 

The top of rough and semi-finished regular square and hexagonal nuts 
shall be flat and chamfered; angle of chamfer with surface 30 degrees; 
diameter of top or both top and bottom circle shall be 100 per cent of the 
nominal width across flats. 

Tolerance on top flat surface shall be minus 15 per cent. 7 

Semi-finished nuts shall be faced on bearing surface and at right angles 
to the axis of the thread within 3 degrees. 

Width across flats to be measured at the top of the nut. 

Taper of sides of nuts not to exceed 4 degrees. ‘ ran 

Minimum width across corners of square equals 1.373 times: minimum 
width across flats, 
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TABLE 6,—FINISHED- SQUARE AND HEXAGONAL REGULAR Nuts 
(All Dimensions in Inches. D = Diameter of Bolt) 


Minimum 
Width across Flats | Width across Thickness 
Diameter Corners 
of Bolt 
D Mi . H Ni . M . Mi . 
. Ini- exa- omi- axi- ini- 
Maximum mum gon Square nal mum mum 
4 0.2500 ye 0.4375 | 0.428] 0.488] 0.588 ya |\0.225] 0.212 
ys 0.3125 ys 0.5625 | 0.552] 0.628] 0.757 44 |0.273] 0.258 
$ 0.3750 § 0.6250 | 0.613] 0.6098] 0.840 # | 0.336) 0.320 
Jo 0.4375 £ 0.7500 | 0.737] 0.840] 1.012 4 0.384] 0.366 
$ 0.5000 ti 60.8125 | 0.790] 0.911] 1.096 is | 0.448] 0.428 
Ys 0.5625 t 0.8750 | 0.860] 0.980] 1.181 #1 | 9.495] 0.473 
a 0.6250 48 0.0375 | 0.922] 11051] 1.266 Fey 0.559| 0.535 
3 0.7500 | Ig 1.1250 | 1.108] 1.263] 1.517 24 | 0.670] 0.642 
# 0.8750 | Ix 1.3125 | 1.203] 1.474] 1.775] (%% | 0.781) 0.750 
I 1.0000 | 14 1.5000 | 1.470] 1.686] 2.031 t 0.893] 0.858 
crt 1.1250 | 174 1.6875 | 1.665} 1.898] 2.286] 1 I.Or9] 0.981 
rt 1.2500 | 1% 1.8750 | 1.850] 2.109] 2.540| I ILTIS| LhO72 
I} 1.5000 | 2} 2.2500 | 2.222) 2.533] 3.051| Ids | 1-338] 1.288 
1? 1/7500 | 2% 2.6250 | 2.593) 2.956] 3.560| 14} 1.500] 1.503 
2 2.0000 | 3 3.0000 | 2.9064] 3.379] 4.070] 12 L783) Dele 
2} 2.2500 | 3% 3.3750 | 3.335] 3.802] 4.570] 13% | 2.005] 1.932 
24 2.5000 | 3 3.7500 | 3.707| 4.226} 5.090] 25% | 2.228] 2.148 
2i 2.7500 | 44 4.1250 | 4.078] 4.646) 5.590 ou 2.450| 2.363 
3 3.0000 | 44 4.5000 | 4.449] 5.072] 6.108] 2% 2.673) 2.578 
Formulas 


Width across flats of finished hexagonal and square regular nuts shall be 
1} D except as follows: } to # inch = 13 D + ¥s inch with adjustment in 
the 16th-inch sizes to eliminate 32nd-inch-size wrench openings. 

Tolerance for width across flats shall be minus 0.015 D + 0.006. 

Minimum width across corners of hexagon equals 1.14 times minimum 
width across flats. 

Thickness of finished regular nuts shall be 7 D. 

Tolerance for thickness shall be 0.030 D + 0.005. 

The finished top of finished nuts shall be flat and chamfered; angle of 
chamfer with surface 30 degrees; diameter of top, or both top and bottom 
circle, shall be 100 per cent of the nominal width across flats. 

Tolerance on top flat surface shall be minus 15 per cent. 

All finished hexagon and square regular nuts shall be washer faced; the 
thickness of the washer face shall be gy inch. The bearing surface of the 

_ washer face shall be 100 per cent of the nominal width across flats. Toler- 

‘ ance on the diameter of the washer face shall be plus or minus 5 per cent. 
_The axis of the threaded hole shall be at right angles to the washer face 

‘within a tolerance of 2 degrees. { 

Minimum width across rounded corners of square equals 1.373 times 
minimum width across flats, 


if 


y 
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TABLE 7.—FINISHED AND SEMI-FINISHED Jam Nuts 
(All Dimensions in Inches. D = Diameter of Bolts) 


Width 
Width across Flats Cc Be Thickness 

te Hexagon 

D ee 
. Mini- Mini- Nomi-| Maxi- | Mini- 
Maximum mum mum nal | mum | mum 
7 0.2500 qs 0.4375 | 0.428 0.488 #& | 0.163 | 0.150 
ys 0.3125 0.5625 | 0.552 0.628 yr | 0.195 | 0.180 
# = -0.3750 § 0.6250 | 0.613 0.699 gy | 0.227 | 0,211 
ts 0.4375 i 0.7500 | 0.737 0.840 i 0.259 | 0.241 
3 0.5000 33 0.8125 | 0.799 0.911 #; | 0.323 | 0-303 
Ys 0.5625 %  =©0.8750 | 0.860 0.980 H | 0.355 | 9.333 
$ 0.6250 4§ 0.9375 | 0.922 I.O51 3 0.387 | 0.363 
{ 0.7500 1% 1.1250 | 1.108 1.263 is | 0.451 | 0.424 
0:8750 Ivs 1.3125 | 1.293 1.474 z 0.516 | 0.484 
I T..0000 1} I.5000 | 1.479 1.686 fs | 0.580 | 0.545 
I} 1.1250 144 1.6875 | 1.665 1.898 $ 0.644 | 0.606 
1} 1.2500 1% 1.8750 | 1.850 2.109 4 0.771 | 0.729 
1} 1.5000 2y 2.2500 | 2.222 2.538 t 0.900 | 0.850 
14 1.7500 2¢ 2.6250 | 2.593 2.9506 I 1.029 | 0.971 
2 2.0000 3 3.0000 | 2.964 3.379 1% 1.158 | 1.093 
2} 2.2500 3 3-3750 | 3-335 3.802 It 1.286 | 1.214 
24 2.5000 3i 3.7500 | 3.707 4.226 IZ 1.540 | 1.460 
2} 2.7500 4h 4.1250 | 4.078 4.649 rg 1.669 | 1.581 
3 3.0000 4 =4.5000 | 4.449 5.072 rt 1.798 | 1.703 


Formulas 


Width across flats of Jam nuts shall be 13 D except as follows: diameter of 
bolts, } to 3s inch; width across flats, 1} D + zs inch, with adjustments in 
the 16th-inch sizes to eliminate 32nd-inch-size wrench openings. 

Tolerance for width across flats shall be minus 0.015 D + 0,006, 

Minimum width across rounded corners of hexagon equals 1.14 times 
minimum width across flats, 

Thickness of Jam nuts, sizes } to ye inch, shall be 4 D + ¥y; for sizes 3 


tort inches, } D + ws; for sizes 1% to 2% inches, } D + 4; 2% to 3 inches 


Sak a ' 

Tolerance for thickness shall be 0.030 D + 0.005. 

The finished top or both top and bottom of Jam nuts shall be flat anc 
chamfered; angle of chamfer with surface 30 degrees; diameter of top, 0 
both top and bottom circles, shall be 100 per cent of the nominal widtl 
across flats. 

Tolerance on top flat surface shall be minus 15 per cent. 

For Jam nuts with a washer face, the thickness of the washer face shal 
be %& inch. The bearing surface of washer face shall be 100 per cent of thi 
nominal width across flats. J 

Tolerance on the diameter of the washer face shall be plus or minu 
5 per cent. “yy 

The axis of the threaded hole shall be at right angles to the washer fac 
within a tolerance of 2 degrees. ; 

Minimum width across rounded corners of square equals 1.373 time 
minimum width across flats, 
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Taste 8—Hexacon Licut Nuts 


(All Dimensions in Inches. D = Diameter of Bolts) 
Note.—Light nuts are recommended for use with fine threads 
only. 


F Minimum _ 
i Width across Flats |Width across Thickness 
Diameter Corners 
of Bolt 
D Mi . N . M . Mi . 
. 1ni- J omi- axi- ini- 
Maximum ain Hex. |Square alt. (becuse Recs 
3% 0.2500 Ye 0.4375 | 0.428] 0.488] 0.588] xy 0.225| 0.212 
te 0.3125 3 0.5000 | 0.480] 0.557] 0.671] 0.273] 0.259 
Ba GOR STSO. Ys 0.5625] 0.551] 0.628! 0.757] 2 0,336| 0.320 
qs 0.4375 i 0.6250 | 0.612] 0.699] 0.840] 3} 0.384] 0.366 
% 0.5000 rs 0.7500 | 0.737] 0.840] rt.012| qe 0.448] 0.428 


Formulas 


Thickness of light nuts shall be {§ D (to nearest sixty-fourth lower for } 
and 7s sizes). ! 

Tolerances for width across flats shall be minus 0.015 D + 0.006. 

Tolerance for thickness shall be 0.030 D + 0.005. 

The finished tops of the nuts, when not castellated, shall be flat and 
chamfered; angle of chamfer with top surface 30 degrees; diameter of top 
flat circle shall be roo per cent of the nominal width across flats. 

Tolerance on flat top circle shall be minus 15 per cent. 

Nuts shall be washer faced. The thickness of the washer face shall be 
@: inch. The bearing surface of the washer face shall be 100 per cent of the 
nominal width across flats. Tolerance on diameter of washer face shall 
be plus or minus § per cent. 

inimum width across rounded corners of square equals 1.373 times 
minimum width across flats. 
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TABLE 9.—HEXAGONAL AND SQUARE MACHINE Screw Nuts AND 
Srove-Bsott Nuts 


(All Dimensions in Inches. D = Diameter of Bolts) 


Width 
: r 4 
Ee ei $ Width across Flats Comers of Thickness 
of Screw CXAROD 

D Mi . Mi . N . M . Mi . 
: ini- ini- omi- axi- ini- 
Maximum mum mum nal mum | mum 
ee ee — ee 
No. 0 0.0600 fy; 0.1562 | 0.150 O.171 & 0.050 | 0.043 
No. I 0.0730 ty, 0.1562 | 0.150 0.171 & 0.050 | 0.043 
No. 2 0.0860 vs 0.1875 | 0.180 0.205 ds 0.066 | 0.057 
No. 3 0.0990 3 0.1874 | 0.180 0.205 ts 0.066 | 0.057 
No. 4 0.1120 4 0.2500 | 0.241 0.275 or 0.098 | 0.087 
No. 5 0.1250 fs 0.3125 | 0.302 0.344 ea 0.114 | 0.102 
No. 6 0.1380 fs 0.3125 | 0.302 0.344 “uu 0.114 | 0.102 
No. 8 0.1640] #4 0.3437 | 0.332 | 0.378 t 0.130 | 0.117 
No. 10 0.1900 # 0.3750 | 0.362 0.413 $ 0.130 | 0.117 
No. 12 0.2160 ts 0.4375 | 0.423 0.482 & 0.161 | 0.148 
3 0.2500 qs 0.4375 | 0.423 0.482 3s 0.193 | 0.178 
ye 0.3125 ws 0.5625 | 0.545 0.621 wa 0.225 | 0.208 
% 0.3750| $. 0.6250 | 0.607 | 0.692 3 0.257 | 0.239 
ts 0.4375 | 2 On7500 |) 04720.|), 0, 83x ey 0.289 | 0.269 
30,5000 # «0. 8125 | 0.790 0.901 +6 0.321 | 0.299 


Formulas 


Width across flats of machine screw and stove-bolt nuts shall be as follows: 
diameter of screw + to } inch; width across flats = 13 D + js inch, with 
adjustments in the 16th-inch sizes to eliminate 32nd-inch-size wrench 
openings. 

Minimum width across rounded corners of square equals 1.373 times 
minimum width across flats. 
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TABLE 10,—OPEN-END WRENCH OPENINGS 
(All Dimensions in Inches. D = Diameter of Bolts) 


Dimensions of 


. . Measuring Blocks 
sre asta eRe Clearance | Tolerance | £° Wrench Openings 
and Nuts 

Maximum} Minimum 

era 0.1562 .OO14 .005 0.163 0.158 
a5 0.1875 . 0016 .005 0.194 0.189 
4 ©. 2500 .0018 005 On257, 0.252 
i) 0.3125 .OOT9 007 0.321 0.314 
2 ©. 3437 .0022 .007 0.353 ©. 346 
3 0.3750 -0024 -007 0.384 0.377 
ye 0.4375 .0025 .007 0.447 0.440 
Hy 0.5000 .0030 .007 0.510 ©. 503 
vs 0.5625 .0035 .007 0.573 0.566 
3 0.6250 .0040 .007 0.636 0.629 
3 0.7500 .0050 .008 0.763 0.755 
a3 0.8125 .0050 .008 0.826 °. 818 
t 0.8750 .0050 .008 0.888 ©. 880 
Te 09-9375 0055 -009 0.952 | 0.943 
I I .0000 .0060 009 1.015 1.006 
Te T0250: .0070 .OIO 1.142 1.132 
rt 1.2500 .0070 .OLO 1.267 1.257 
Ie i 13125 .0075 .OIL Teast 1.320 
ie I. 5000 . 0090 -O12 1.522 1.509 
z44 1.6875 . 0095 .O13 1 EKO) 1.697 
Ig 1.8750 . 0100 O13 1.808 1.885 
at 2.2500 .O120 .O15 2a TT 2.262 
28 2.6250 .O140 O17 2.656 2.639 
3 3.0000 - 0160 -O19 3.035 3-016 
38 3-3750 0180 | .021 3-414 | 3.393 
3a 3+ 7509 «0200 023 3-793 3-779 
4t 4.1250 .0220 .024 4-171 4.147 
4% 4.5000 .0230 .026 4.549 4.523 


The sizes given in the table for the maximum and minimum columns are 
sizes of Go and Not-go gage blocks used for inspecting wrenches and are 
not product sizes. : } 

i Wrenches shall be marked with the basic width (maximum width of nut) 

across flats, as shown in column 1. 
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Hor-PRESSED AND CoLp-PuNcHED Nuts 


Effective Sept. 1, 1923 
(Dimensions in Inches) 


U. S. STANDARD HotT-PRESSED AND CoLp-PUNCHED CHECK AND JAM 
CoLp-PUNCHED Nuts uTSs 
HEXAGON AND SQUARE | HEXAGON 
__ tbs oe 3Sb 8 ee 
Diam. | Across | Thick- | Diam. Diam. | Across | Thick- | Diam. 
Bolt Flats ness Hole Bolt Flats ness ole 
Ne ee ee Se 
t i t H b } * a 
io %% 16 ry 16 be a5 + 
i + i # : pet i a 
v6 $5 16 a3 i6 3 is a 
p) t 2 th 2 g te 4 
x6 % ie at ve 7 % ii 
$ lis § 8h g 16 3 t 
a It 4 é t I} 6 $ 
t I x6 $ eh $ I ¥6 2 at 
I 1% I ae I i 16 h 
I} 18 1} 1 rt 1t¢ $ 5 
I { 2 1} Ids 4 2 2 Ids 
1} 275 1% Igy I 2s B Igy 
14 2 1% Iz 1} 2} t Ii 
tf 2%5 1% 1¢t 1g 2%0 tt lt 
1} 2} ri 1} 1 2} I 1} 
1k 24 1} 1% 1} at Tis 13 
2 3% 2 143 2 3% 1} 1# 
2k 33 2h rt ; 
23 3 24 2%6 
2¢ 4t 24 276 
3 4% 3 206 


These are given to show the former standards of one of the manufacturers. 


S. A. E. SIZES 455 
Hor-PREssEp AND CoLp-PuncHED Nuts (Continued) 


SQUARE AND 
HeExacon Nuts, 


Hexacon Nuts, SEMI-FINISHED 
Bo.t Sizes 


Bolt Vie Diameter Thickness 


across 


Across . 
- ° Thick 
Diam. | Threads | Flats | standard 


Flats 


Jam 
{ 
t 20 + 3 fs rg a 
r 16 4 i 4 i * 
ve 14 re i ts u : 
} 13 4 i is Ty ts 
tr 12 ut fs % % 4 
g II Its g FY I 36 
i 3 re! i AGERE i 
B 2 I + 
I 8 1 is te I is i 
Peon. | sol at [| 
14 6 2% 1} i 
1} 6 2} 14 t 
ot as 2x6 1% 4g 
I 23 1% I 
If ; 246 If 16 
2 2 x4 
24 a 4 2h i 
2 4 3h 24 13 
2¢ 4 at 23 14 
3 34 4 3 2 


(From tables by Hoopes & Townsend Co.) 


SCREWS, BOLTS AND NUTS 
S. A. E. Standard 


The length of the effective thread of screws and bolts shall be: 
14 diameter + } inch. As bolts and screws conforming to these 
specifications are primarily intended for use with nuts, the oval end 
is not included in the nominal length. 

All heads and nuts shall be semi-finished. All screws and nuts 
shall be made‘of steel. 

S. A. E. Standard bolts without slots or cotter-pin holes are made 
for stock.. If slots, cotter-pin holes or case hardening are desired, 
these should be specified by the purchaser. 
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1For S. A. E. nuts, bolt and screw heads. 


2 Width of slots in nuts. 
3 Cotter-pin diameter. 


STOVE BOLTS 457 
Stove Borts, Frat Heap 
CLASS I, LOOSE FIT, COARSE THREADS 
(All Dimensions in Inches) 

A | Basic major dia......] #(7#5) (F8) te(ft ga(#r2)| 3 ¥6. 3 
Max, major dia .1240] .1620| . 2147 2485|.3109].3732 
Min. major dia.. . «f LL72| .0553 eae -2055 |.2383].20095].3606 

B | Threads per inch..... 40 32 24 24 20 18 16 

ax. pitch dia 1078] .1426] .1616 | .1876 |.2160].2748]).3326 
Min. pitch dia....... 1044] .1388] .1570 | .1830 |. 2109]. 2601].3263 

C | Max. head dia.......]. 252 332) | 2.376 -438 1.490 |.629 1.742 
Min. head dia........ 288 308 | .350 -410 |.460 }.594 |.702 

D| Max. slot width...... 044 O51 | .056 .060 |.067 |.078 |.0890 
Min. slot width...... .030 036 | .040 -044 050 |.060 |.071 

E| Max. slot depth...... .034 045 | .053 .060 070 |.088 |.106 
Min. slot depth...... .022 | .029 | .034 .039 |.046 |.058 |.070 

ie ON 2 (oh eC ae is ry a am Fe 22 $ 

G | Nut thickness....... crs t Fy ar is 32 t 

Cc 
Stove Boitts, Rounp Hrap 
CLASS I, LOOSE FIT, COARSE THREADS 
(All Dimensions in Inches) 

A Basic major dia...... &(#5) d(f8) to {x0) wa(#t2)| 4 te $ 
Max. major dia...... .1240} .1629| .1887 2147 |.2485].3100|.3732 
Min. major dia.......].1172] .1553 1795 2055 |.2383].2005|.3606 

B Threads per inch..... 40 32 24 24 20 18 16 
Max. pitch dia....... . 1078] .1426] .1616 1876 |.2160]. 2748]. 3326 
Min. pitch dia....... .1044] .1388] .1570 1830 |.2109|. 2601].3263 

C Max. head dia....... . 236 309 358 -407 471 \.567 |.674 
Min. head dia........ S27 287 -335 382 444 |.535 |.636 

D Max. head ‘thickness. .|.082 102 132 137 -103 |.201 |.240 
Min. head thickness. .}.070 090 120 125 150 |.187 |.225 

E Max. slot width...... 044 O51 056 060. |.067 |.078 |.089 
Min. slot width...... .030 036 040 - O44 050 |.060 |.071 

F Max. slot depth......|.062 076 | .086 095 108 |.130 |.153 
Min. slot depth...... .0A7 057 | .064 O7I |.080 |.007 |. 114 

G Nut jwidth:3.. 37... .).. a5 4 ; is 3 & § 

H Nut thickness........ OH $ t 3 vs 37 t 


458 


BOLTS, NUTS AND SCREWS 


Hus Botts 
(All Dimensions in Inches) 
| Coarse Threads Class 2, Free Fit Class 3, Medium Fit 
A | Basic major dia........!.. fy it $ } ves 3 
Max.majoridia. eines 2 e -3750| .4375] .5000} .3750] .4375] .5000 
Min. major dia..../...... .3060| .4277|} .4806| .3660] .4277| .4896 
B | Threads per inch......... 16 14 13 16 14 13 
Max. pitch dian. WF. oc). 3344] 3911] .4500] .3344] .3911| .4500 
Min. pitch dia. ......!.. -3209| .3862] .4448| .3312] .3875| .4463 
C | Thread length..... 1} ry bey 1} 1; I 
D | Head dia....... i rf I + I 
E | Head thickness... ts 3 $ te t 
F | Length of square......... 4 t $ $ t t 
dit 
+32 
° 
ic) 
" Y/N] 
MT _ AIT a 
HW mm @® 
f 
Ln 
Strep Borts—AMERICAN STANDARD 
CLASS 2, FREE FIT, COARSE THREADS 
(All Dimensions in Inches) 
| | Bolt with Nut | Bolt without Nut 
A,| Basic major dia... ... .:\. + 4 Ys 3 4 & 3 
Max.jmajoridia?=. aa. .sh> -2500] .3125| .3750] .2500| .3125] .3750 
Min.,mayjorsdia! « jciyen pe 2308] .3011| .3660| .2308| .3011| .3660 
B | Threads per inch......... 20 18 16 20 18 16 
Max. pitch dia........... 2175] .2764| .3344] .2175| .2764] .3344 
Mim. pitch dia. |. cisin sek 2139] .2723| .3299] .2139| .2723] .3299 
C | Thread length, min....... 3 % I} i 1} 
D | Head diameter........... 1B I Is I IX 
E | Head thickness........... 4 & a $ hee hae ¥ 
F | Length of square......... a 3 uy oa 4. 
Tensile strength, lbs...... 130 225 340 130 225 340 
Shearing strength, lbs.....] 245 383 552 245 383 552 
G Nut width. i.e. fete i § 7 ¥ P) 
H | Nut thickness............ 3 as ay 
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CARRIAGE BOLTS 459 
CARRIAGE Botts, FLat COoUNTERSUNK HEAD 
CLASS 2, FREE FIT, COARSE THREADS 
(All Dimensions in Inches) 
Basie ajorndia)...). -\.se0 4 ack obs 3 ts i ve 3 
Maxiimajor: diane ei) Harte a 2500| .3125] .3750| .4375| .5000 
Miia may OT AIS wisci\», [Caieje chines bee 2398] .30I11| .3624| .4235] .4852 
Mhreads permineh iz.. .|. os. )oh2 .) 20 18 16 14 13 
Maxttpitch dia 352). Nsach. desc. i -2175| .2764| .3344| .3911| .4500 
Misr TECH GIA. oivth>. od itere debs s « be .2139| 02723] .3299] .3862] .4448 
Thread length, min............. Fi u It Ix 1} 
Head diameter |...5 .)54.0) 006 25 2 $ I t 
Length lof square. 3... . 3.4.6). wa ; ta +5 q 
Meat iene hits oct s gb stn dm 04 oyepece hs i te 3 $3 ty 
Nat thickhess.} oo cchon cule ci eal hee + ve $ is 
CarriAGE Botts, Rounp Heap 
CLASS 2, FREE FIT, COARSE THREADS 
(All Dimensions in Inches) 
Basic major dia........| 3(#10)] 3 ts 3 Ts 3 
Max. major dia........ . 1900 2500| .3125| .3750] .4300] .5000 
Min. major dia). .5aie nave 1808 2398] .3011] .3624] .4235| .4852 
Threads per inch....... 24 20 18 16 14 13 
Max. pitch dia......... 1629 | .2175] .2764] .3344] .3011| .4500 
Min. pitoh' dia......... 1596 | .2139] .2723] .3200| .3862] .4448 
Thread length, min..... + 2 45 I I iy 4 
Head diameter......... ve a # 18 ve 
Head thickness......... a t tr a & i 
Length of square....... a5 ay 4 Pod 
Nutiwidth.|..2..0 ge... 3 Te ts g tt 
Nut thickness.......... s&s aa 4 ts 3 Te 
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Botts, Hexacon HEAD, SEMI-FINISHED 
CLASS 2, FREE FIT, FINE THREADS 


(All Dimensions in Inches) 


A | Basic major dia...... + te | 3 is| 2 is | 3 t t 
Max. major dia...... . 2500] . 3125] .3750| .4375] .5000] . 5625] .6250] . 7500) .8750 
Min. major dia...... .2438] . 3059] . 3684] . 4303] .4928] .5543} .6168] 7410) .8652 

B | Threads per inch..... 28 24 |.24 | 20 | 201)" 18it) perl | x4 
Max: pitch dia....... . 2268] .2854] .3479] . 4050] . 4675] 5264] .5880] . 7094] .8286 
Min. pitch dia....... 2237] .2821| .3446] . 4014] . 4630] .5223] .5848] . 7040] .8237 

C | Max. minor dia......] .2062].2614] .3230]. 3762] .4387| . 4943} .5568] .6733] .7874 

D | Thread length....... £ re 3) 3211 Igy | tee | TH | Is 

Ei") Head width ..)..8. Te 4 we | § 3 $ aR Lorde} rt 

F | Head thickness...... 3 uy Ay ab} @ ak | 48 te | 43 

E 
© 
Cap Screws, Hexacon Heap, SEMI-FINISHED 
CLASS 2, FREE FIT, COARSE THREADS 
(All Dimensions in Inches) 

A | Basic major dia.| } | 3 as) 4 vs | 4% 3 q I 
Max. major dia.}.2500| .3125] .3750| .4375] .5000| .5625] .6250].'7500] .8750|1.0000 
Min. major dia.}.2428| . 3043] .3660| .4277| .4896| .5513| .6132|.7372| .8610] .9848 

B | Threads perinch] 20 18 16 14 13 12 Ir 10 9 8 
Max. pitch dia.}.2175|.2764].3344|.3911| .4500] .5084] .5660] .6850] .8028] .o188 
Min. pitch dia.|.2139].2723] .3299| .3862] . 4448] .5028] . 5601) .6786] .7958] .o112 

C | Max. minor dia.|. 1887] .2443] .2983] .3490| .4056] . 4603] .5135].6273| .7387] .8466 

D | Thd. lgth., min.| ? ir uy |r | a | ) oe 2 2} 

E | Head width. wm | $ ve) ¢ 4 ag [gps It 1t 

F | Head thickness. 4 ts | i is | 4 ts | # 3 $ I 

G | Head radius.. + § a we me | re |md 14 2 


MACHINE BOLTS 461 


Macuiner Botts, SQUARE HEAD 
CLASS 2, FREE FIT, COARSE THREADS 
(All Dimensions in Inches) 


A | Basic major dia 4 a 3 ie 4 
Max. major dia 2500 3125 3750 4375 5000 
Min. major dia.. 2428 3043 3660 4277 4806 

B |} Threads per inc 20 18 16 14 13 
Max. pitch dia... 2175 2704 3344 3911 4500 
Minspiteh diasc. ..). 440.4. +2139 | .2723 | .32909 | .3862 | .4448 

CP Dhbread ilength si... 2... 85. q 48 1} Ids IZ 

DewiHeadwmridth 2255...) poo. 3 pes - B a 

BeEtiHeadthickness:;.../.5.-...- — 4 a 2 3 

WacwNutewidthi. £808... 4. As ie * Hy i 

GMNut thickness..4...\.'.. 4... aa 4 a Ft is 

Macuine Borts, Hexacon Heap 
CLASS 2, FREE FIT, COARSE THREADS 
(All Dimensions in Inches) 

Ae) Basic mayor dia.../....... 3 ts } yy 4 
Marxepmajordid..< 3. ag on: 2500 | .3125 | .3750 | .4375 | .5000 
Min, major dia............| .2428 | .3043 | .3660 | .4277 | .4806 

B | Threads perinch.......... 20 18 16 I4 13 
Max.ppitchdiais...1.. 85...) .2875 1) ,2764, |. .3844 1 SOL1s |it- 4500 
Man. ypitch}diass...3..ce... .2139 | .2723 | .3209 | .3862 |..4448 

G P| Phreadslength: :......5.-. 3 # bey Ii 1} 

DF) Head width...i1..)..05-.- Fy 45 a B 2 

tae | Headthickness.,.....)...4). 0... Bcd ue py a q 

PEON BG PRAT ice. ke opp a zs ts $ 4 + 

G | Nut thickness............. a } 7 4 we 
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Cap Screws, Ovat Heap 
CLASS 2, FREE FIT; COARSE THREADS 
(All Dimensions in Inches) 


a 


A | Basic major dia!....../... 4 ge 3 od 4 
Max! major diant... 4288. -2500 | .3125 | -3750 | .4375 | -5000 
Min: major dia. !.... 2.2.0... -2428 | .3043 | .3660 | .4277 | .4896 

B | Threads per inch.......... 20 18 16 14 13 
Max. pitchidia’.. 5. 47.7 -2175 | .2764 | .3344 | .39II | .4500 
Min. pitch dia)....-. 32... -2139 |°.2723 | .32909 | .3862 | .4448 

Cay|- Max. aninor dial... 2). Gh. 08 -1887 | .2443 | .2083 | .3499 | .4056 

DG | Thread lengthe: . .2)). a. % ¢ I I 1} 

E | Head diameter. ....1...¢.:2 43 § z it Fa 

F | Head thickness............ # Pe iz4 # uh 

G * Head ragis. on eens & g Z i 

Ef i) Slot yadtay ee avert etlere ts & a a $ 

J )Slotidepth.s. 2a cnoseeeeey- t a is a t 

CarRRIAGE Borts, Rrppep NECK 
CLASS 2, FREE FIT, COARSE THREADS 
(All Dimensions in Inches) 

A | Basic major dia........... 4 ts q is 4 
Max. major dia--......... .2500 | .3125 | .3750 | .4375 | .5000 
Min. major dia............ -1808 | .2398 | .3624 | .4235 | .4852 

B | Threads per inch.......... 20 18 16 14 13 
Max. pitch dia.2).).25 2... -2175 | .2764 | .3344 |. .391I-|] .4500 
Min. ‘pitch dia............ -2139 |-.2723 | «32004. 3862"5 = 8 

C | Thread length, min........ z iy 1% 17 I 

D?\ Meadidiameter. ..\i:.0,... Bei Brg #4 iq I* 

E | Head thickness............ Pa oa cy ay 

Wat Vilead to tibet. % 5. 2h, 4 a ve 3 


CAP SCREWS 


Cap Screws, FiruisterR Heap 
CLASS 2, FREE FIT, COARSE THREADS 
(All Dimensions in Inches) 
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AwY Basic’ major dia... 200.52: q rc 3 is 3 
Maxsemajor dia). iu.) 5. -2500 | .3125 | .3750 4375 5000 
Min. major dia. ..¢..:..... .2428 | .3043 | .3660 4277 4806 

B | Threads per inch.......... 20 18 16 14 13 
Max piteh dias... S.i0[0.2075°| .2764 | 23344"). 3011 .4500 
Mom pitchdiay.i. 2.4... ses .2139 | .2723 | .3200 |. .3862 | .4448 

GrlMax. minor dia... an. -1887 | .2443 | .20983 3499 | .4056 

D> \thread lengths. 2... ... 40. & iG I 1% ri 

eer aead 419.4 ce AL. ed. is 3 is oad g 3 

F. Head thickness...) ..22..4:. 4 as 3 a 4 

G Wierd yadius..:..) 000... 3 i ts £ 3 

ie What wad thn salon. a. sh. 5 ro or we 4 

Fy hol ts ae S02 ee ra oo P ea nfs: ra 4 

E 
ae QD 
Car Screws, Frat HEap 
CLASS 2, FREE FIT, COARSE THREADS 
(All Dimensions in Inches) 

A | Basic major dia........... a od 3 is 4 
MMe. sa IOr Glas... <2 -csieyss- +2500, | $3125) 03756.) .43°75 5000 
Mim, major dia...) . 4... ns: -2428 | .3043 | .3660 | .4277 | .4806 

Bel tureads per inch... ...... 6 20 18 16 I4 13 
Max pitch gia... S -sarere eT Sr erOan dh <. 3344 39II | .4500 
Ge 6) nee) eck OS a . 2139 2723 | .32909 | .3862 | .4448 

© jiMax, mimor dia........4%. -1887 | .2443 | .29083 | .3499 | .4056 

wm) ii Phread length. . a...) ..... 2 q I 1} ri 

OD | TEES i i a Se Pid es 2 a3 $ 

F | Head thickness............ Be wy at az az 

Be M1Ob! WICH ois ba a oe is & aS AR t 

Br ieslotdepth..1.....-... 0+ ez a a $ oa 
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es) 


beieal Dic ieolesiw ie) 


CarRIAGE Borts, Frn Neck 
CLASS 2, FREE FIT, COARSE THREADS 
(All Dimensions in Inches) 


Bolt with Nut | Bolt without Nut 

Basic Major dia sy. . <hees 4 fs 3 ra ts 3 
Max. major dia......).... .2500| .3125| .3750| .2500] .3125) .3750 
Min. majoridia.,...- 2... .2398| .3011]} .3624] .2308] .3011| .3624 
Threads per inch......... 20 18 16 20 18 16 
Max: pitch dias. t.aes .2175| .2764| .3344| .2175| .2764) 3344 
Min. pitch dip tees ¢ .2139| .2723] .3299| .2139] .2723] .3299 
Thread length, min....... 4 q 1% re a 14 
Head diameter..........- 33 e a3 3 Fea #8 
Head thickness..:........ ra & e t & Be 
Head tombs. Gh. oe 4 13 i $ is is 
Pin: berehe, ob. ese the eke Ard $ au Eva 45 ux 
Riine Medel coke stone, heh aralere 3 ee t oi ea $ 
Nutt stevicst aateererenvererecegeorn eter 16 16 3% 16 ie $ 
Nut thickness........-.-- 3a t ts a5 t ve 


> 


ies) 


ARSON 


Cap Screws, Rounp (Burton) Hrap 
CLASS 2, FREE FIT, COARSE THREADS 
(All ipiensions in Inches) 


Rasic.major’dia)i.).. segs } ts q ve t 
Max. major dia........... .2500 | .3125 | .3750 | .4375 | .5000 
Mint major dia ai. to .2428 | .3043 | .3660 | .4277 | .4806 
sbhreads per imcDcme<ty tos 20 18 16 14 13 
Max pitch dia ian. .2175 | .2764 | :3344 | .391T | .4500 
Miia, pitch diane tb sau se .2139 | .2723 | .3209 | -3862 | .4448 
Max. minor dias .t: vitiacsiys ue 11887 | .2443 | .2083 | .3400°) .4050 
Thread length. .....6. ch Fy t a 1} 1} 
1A Wi CE: a rae Vesa, oe is ve g R 
Head thickness. -.......... ds Py ts % 
Head radius.............. 1 is # 
Head tadids) 5.50.03 .08. 2 $ ty ts ¥ t 
Slotiwidthsstunah.sotsee ts ar ay + 
Slotideptbemateisineuoskiccs ry pod ve 33 t 


Se OSs 


PINS AND STUDS 4605 


CoTrTER Prys, S. A. E. StTanDARD 


Three points are used which are optional: the standard point, the 
double-bevel point and the extended prong. ‘There is no difference 
in the cost of pins with either of these points. 

These pins are slightly smaller in diameter than the nominal 
diameter given, as this practice has become standard with, all 
cotter-pin manufacturers. When™pins are ordered of a certain 
nominal diameter, the undersize pins are furnished. Where full- 
diameter pins are required the purchaser must specify that these 
pins be “full-diameter wire.” The latter, however, run from 14 to 
25 per cent greater in price than the standard undersize pins. 


‘Rov Enp Pins, S. A. E. STANDARD 


The standard pins are made of 
commercial cold-rolled steel. .The 
hardened pins are made ofS. A. E. 
toro steel or equivalent and are 
cyanide hardened. 


(All Dimensions in Inches) 


16 t te 3 16 3 
Max. diameter. . 186) |%5 248! |G arr 2373 436 | .406 
Min. diameter... tydel & D8at ie 2a3 I ZOOW B68 ioagin 1h) Zor 
TEL ||P iRoom ae ee a ee i$ ey ay Tiss I 4h rs 
C, |*Head diameéter......%.... * fy ae 3 15 § 
D’\'Head thi¢kness\i.0.)... vs a sy Pf a9 a 
Mieke, bole. . piel avis sre 39 ay 4a 13 4g ug 14} 
F | Drill diameter. ......)... 4 #4: #36 #36 #36 #28 
(.076)| (.076)} (.106)} (. 106) (.106)| (. 140) 
(Gel Cine heat pae uO ee ee é 78 er ee ae we 
PaO erater “pin esc te es i a aa a7 cry cre 
Weight, lbs. per 1,000 


A 
Cc 
Anh — tae fa Stups—G.M.C. Srups 1925 
WU EY WY (Dimensions in Inches 
A | Stud Diameter t ve 3 is 2 16 $ 4 
Threads per inch..| 20 18 16 I4 13 12 Ir ae) 
gre Thread length B..| 3? 4 ie: oC) t z 1§ tt 
rl Max. pitch:diam..}.221 |.280 |.338'|.395 |.454 |.513 |.571 |.6090 
ee Min. pitch diam. .].219 |.278 |.336 |.3903 |.452 |.510 |.568 |.687 
Chamter C.:..!.. aa ay & er ts a6 & a’ 
Threads perinch..| 28 24 24 20 20 8 18 16 
3g | Thread length D..| is vs § Fy 43 1 4 of Toy 
7 | Max. pitch diam. .|. 2268]. 2854].3470].4050].4675|.5264|.5889]. 7004 
Min. pitch diam. .|.2237|.2821].3446].4014|.4639|.5223|.5848]|.7049 
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Experiments as to the depth of thread (not depth of hole) show 
that the tap drill can be much larger than is generally supposed and 
still hold the stud against stripping, even in aluminum. Tests 
show that a 43 per cent depth of thread in aluminum will break a 
;°;-inch stud before stripping, when the stud is a good fit, or, in other 
words, when the stud is 0.003 in. larger than tapped hole. 

The depth of the hole also has its effect, but a depth of 13 diam- 
eters is sufficient for most materials, unless the stud has to carry an 
appreciable fatigue stress. In that case 2 diameters will be better. 

The ‘‘lute” or material used on the threads in setting studs also 
affects the torque. White lead is frequently used with iron or 
steel, and oil with aluminum. One motor builder uses kerosene in 
the latter case. 

There is a tendency toward using ground taps and chasers for 
stud holes and studs which are held to very close limits, as these 
give greater area of contact and the studs hold better. Some use a 
commercial tap first and finish with a ground tap. Some advocate 
a four-fluted tap with narrow lands for cast iron and a three-fluted 
tap with wider lands for steel and aluminum. Some rough tap by 
machine and leave o.oro inch for a hand-finishing tap. Holes are 
tapped straight in almost every case, but one builder of large 
machinery uses a taper of 3 inch per foot. 

The chamfering of the end of studs also plays a part. Some 
contend that a chamfer of go degrees included angle throws up a 
burr on the first thread, which makes a stud drive hard but allows 
it to unscrew easily. They prefer the 60-degree included angle. 

Another authority gives the following allowances for the stud 
end in order to insure a tight fit in different materials: 


For aluminum, actual pitch diameter plus..... ©.004-0,006 inch. 
For cast iron, actual pitch diameter plus...... ©.002-0,004 inch. 
For steel, actual pitch diameter plus.......... ©.001—-0.003 inch. 


For brass and bronze, actual pitch diameter plus 0.003-0.005 inch. 


rs 


STANDARD CoTTER Pins 
GENERAL MOTORS CO. 
( Dimensions in Inches) 


D| Nominal dia... oa is aa 4 ds a eupa |i te 
Actual dia. min.| .042 .058 086 -118 | .146 | .172 | .202 |.220].275 
Actualdia.max.] ,045 . 061 -090 .122 | .150 | .176 | 1.207 |.225|.280 

E} Inside dia., of ; 

(hy ae eee ie ‘ r i ¥2 
F Outside ie of ve az t Bz Bz is Be t vs 
eye (approx.).| vs - Pc site ae 
Drillidiast...4..¢ #52 #48 $36 #28 fy #7 B 32 i 
(.0635)] (.076) | (.1065)} (.1405)} (.173)] (.20r)| (238) 


Tolerance—plus or minus 0,010 inch. 
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Cotters Usrep IN Botts oR Rop ENps—CotterR Pins—S. A. E. 
STANDARDS FOR BOLTS 


(Dimensions in Inches) 


AMERICAN BOoLts S. A. E. Botts 
Bolt or = 
Rew Bad Cotter Length Cotter Length 
iam. atte B.W.G. Drill Drill 
Diam. } Gage No. No. 
Short | Long Short | Long 
1 1 1 5 rE 5 
fn ie Gala RS Ue SO ie 
16 i6 8 4 48 3 a 48 
3 3 7 5 3 
el fall cc altel GbE neat. | 30 
0 ag gee Uni rr eg on a 
z 32 3 Ig 36 a 5 36 
9 1 1 7 £ 
+5 5 I If 30 3 1¥ 28 
g 4 II re 1 30 I re 28 
1 1 3 
6 Teo Ts), 3O 
3 4 sre 14 28 ig Te 28 
4 $ IL 13 12 21 1} 1% 28 
it t 8 ie 2 21 14 12 28 
it RH 12 2} tI 12 2 int 
ibe qt 8 2 a II 32 at II 
peg tae tl Oy ako eee |) 2th 2 ae | 2 
1 13 1 if 3 
Ig 64 24 3 2 24 24 2 
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i 
Fituister Heap Cap Screws 
(PB. & .W. St’d) 


proH Jo “tq 


t¥3/ 25] 73| $ 


1 
$4 a2} a2| 4 


/3 
13 | 8 


\S Peay jo snIpeyy | 


t 
2 || 32) 32 
t3| 3 | 2 
18] 2s] 2 
1i5 


FR} Ay C | 


ART[OD 
Jo ssamyory L, 


3 
Bz 
5 
32 
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+ | 25 

16 
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Cottar Hrap Screws 
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ALLEN SAFETY SET Screws ALLEN SOCKET-HEAD CAP SCREWS 


A = diameter of head. 
B = oval head length of side. 


Threads per Inch ¢ ia length ok flat hears 
iam. pee a EE EE = diameter of screws. 
eo | whit 4 H= size ei hex, hole. 
it- crews 4 inches long and over are 
U.S.S. fate worth |threaded 3 the length. 
Under 4 inches long 3 way. 
3 0.250] 20 28 20 
ts | 0.31 18 24 18 
% 0.375| 16 24 16 
ited seese yee I4 20 I4 
¥ 0.500] 13 20 12 
te | f.. 2.2 I2 18 12 
g 0.625| II 18 II 
tl LAG Ree It 16 II } % 2 } vs 
i 0.75 10 16 Io os ve a aa 
AE kta: 10 10 $ ad a 3 ts 
t 0.875) 9 14 9 ve & at i | ¥6 
$i (4.015. 9 9 } i | # | 3 
I 1.000 8 14 8 i q 3 3% Fi 
1} 1.125 7 12 7 a t 4 g 4 
It 1-25 7 12 7 i I 4h 3 ad 
4 BS Bi75|0 0 12 6 $ 1% 8 $ 16 
I I.50 6 12 6 I 1% iy I § 
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va 
T> HA kr 
Dog Point -“ L= Full Dog Point 


Round SK 2° 
Cup Point M=Half» » 


Round Point Flat Point Cone Point 


DIMENSIONS OF ALLEN HoLLow Set SCREWS—STANDARD POINTS 


(Dog Points—When the length of dog equals half the total length 
of screw, half dog points furnished) 


(Dimensions in Inches) 


Diameter of Screw G H I | ¥ | K | L | M 
t 0.250 | 0.250 | 4 | 0.163 | 90° | 118° | 3 v6 
ts 0.312 | 0,312 | #& |,0.215 | go° | 118° | & | & 
3 0/375 | 0.375 | te | 01265, | 990° | tr8°h el | is 
ts 0.437. | 0.437 | a | 0-314 | 90° |'118° | wy | & 
oy} 0.500 | 0.500 | + | 0.355 | 90° | 118° | 2 $ 
Ys 0.562 | 0.562 | & | 0.408 | 90° | 1189 | we | & 
$ 0.625 | 0.625 | #% | 0.461 | 90° | 118° | ye | 
uh 0.687 | 0.687 | # | 0.467 |. 90° | 118° | HB] 
4 0.750 | 0.750 | gw | 0.567 | 90° | 118°) & | xs 
RB 0.812 0.812 | x | 0.639 | 90° | 118° | # | # 
$ 0.875 | 0.875 | # | 0.682 | 90° | 118° | %& | & 
4% = 0.937: | 0.937 | 3 | 0.745 | 90° | 118° | MB | # 

I 1.000 | 1.000 | ys | 0.783 | 90° | 118°] 4 4 
13 Di125 1.125 | & |-0.877 | 90° | 118° |e | 
17 I.250 1.250 | 34 | r.000 | go° | 118° | ¢ ts 
13 1.375 (| T6375 2 \-t.086 || 90°. |) 1e8 aes inde 
Iz 1.800 |) £,500| #8241 t.21r | 90>. | 128g hie 
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AMERICAN SCREW ComPANY, STANDARD THREADS PER INCH 


No. 2 3 4 5 6 | 7 8 9 | Io | 12 
; z 48 | 48 | 32,32 | 30 | 30} 30} 24,24, | 20 
TEE ch 56 | 56 | 36,36 | 32 | 32 | 32-| 30, 30} 24 
64 40,40 | 36 | 36 | 32, 32 
No. | 14 16 18 20 22 | 24 | 26 28 30 
5 18 16, 16 16, 16 14 
ose pes 20 | 18, 18 18,18 | 16 14, 16 
ss 24 20, 20 18 


Heavy face indicates threads used the most. 


INSTRUMENT SCREWS 
PIONEER INSTRUMENT CO. 


ae e Tap Drill Body Drill Head Diam. 
. ody oot 
No. | T-p. | Diam.| Diam. 
No. | Diam.| No. | Diam.| Flat* | Round 
0000 160 | ]0.021 |o.013 80 |0.0135| 73 |0.024 |o.050 
000 I20 10.034 |0.023 713 |0.024 63. |0.037 |0.060 
00 96 |0.047 |0.033 66 |0.035 55 |0.052 |0.070 
fo) 80 {0.060 |0.0438} 56 [0.0465] 52 |0.0635/0.089 
I 72 10.073 |0.055 53 |0.0595| 47 |0.0785]0.111 
2 6 0.086 |0.0657| 50 {0.070 42 |0.0935]0.164 | 0.154 
3 5 0.099 |0.0758} 46 |0.081r 37. |0.104 |0o.190 | 0.178 
4 | 48 |jo.112 |0.0849]} 43 |0.0890 31 0.120 |0.216 | 0.202 
6 40 0.138 J]o.1055| 33 |0.113 27 |0.144 10.268 | 0.250 
8 36 |0.164 |0.1279] 28 |o.1405] 18 |0.1695]0.320 | 0.208 
10 32 |0.190 |0.1494| 20 |o.16r 9 |0.196 |0.372 | 0.346 


* Fillister heads on sizes 0000 to 1 inclusive. These are special and can be 
sed in place of either flat or round heads. 
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FRACTIONAL Size Screw—S. A, E. AND Fing THREADS 
PIONEER INSTRUMENT CO. 


Glenrs S. A. E. Fine* 
Size ance 
Drill | ppi. | Root | Tap D | T.pi | Root | Tp.D 
} 4 28 0.204 i 132 0.209 wo 
md zB 24 0.258 tt 32 0). 2735 Pei 
3 “4 24 0.321 & 27 0.327 # 
Ts et 20 0.372 3 27 0.389 4; 
4 3 20 0.435 ie 27 0.452 aii || 
ts + 18 0.489 a 27 0.513 # | 
3 at 18 0.553 v6 27 0.577 
q 5 16 0.606 # 
4 i 16 0.669 fee 27 0.702 4e 
8 14 0.782 8 24 0.827 8t 
Spark plugs and 18 0.803 4B tachometer connections 
I lay I4 0.907 B 27 0.952 | rs 


* Fine-thread taps and dies are stocked by some makers. 


STANDARD WOOD SCREWS 


This standard is the result of cooperation between screw manu- 
facturers and the Bureau of Standards. The increment between 
sizes is now o.or3 inch instead of 0.013165 inch as formerly. 
Several sizes have been omitted, the total number of sizes and 
lengths being reduced from 555 to 291. Gimlet points are standard, 
cone and diamond points are special. Length of screws is measured 
from the largest diameter of bearing surface of head to the point. 
Screws are threaded approximately two-thirds of their length. 
Diameter is measured under the head. Tolerance on diameter is 
from 0.004 inch plus to 0.007 inch minus. A ro per cent. variation 
in threads per inch is permitted. The angle of cone and flat heads 
is 82 degrees maximum. | 
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Lee ANGLE: MAK.We 62° 
~ J Hits m 
ara -RL 
a 


e ; 
Act OS a a KA 4 
e\ “mane ERE eee ra 


HEAD DIAMETER | MAX. 8*2.04A-.003 
THICKNESS OF HEAD ! MAX .C*.91S A008 


Wa i WIOTH OF SLOT } MAK,D 162A +. 020 
. foe | DEPTH OF SLOTIMAK)E *\ZOOA -,0O% 
Cc 


HEAD DIAMETER} MAX.6* 2.04 A*.003 
5 THICKNES® OF HEAD! MAK.C*GISA-.0O% 
zat WIDTH OF SLOT | MAK.De/OZA #.020 
e DEPTH OF SLOT) MAKE * SS ZA +00) 
F HEIGHT OF OVAL: MAK.H* SO4A +003 
MAX .C OF FLAT HEAD 
HEIGHT OF HEAD: MAKE «MAX Ht 
9 4 19Z3.A F001 
ip 2 
= 
g Cores 
Bide 


HEAD DIAMETER! MAK.B 1.0674 : 
y THICKNESS OF HEAD: MA¥.C = 6 BGA2 UI! 
j WADTH OF SLOT ! MAX.O¥ IOLA 7.020 
fe DEPTH OF SLOTIMAK.E 362A. ¢.017 
SHAPE OF HEAD: SEMI-ELUPSE. 


Natronat Woop Screw STANDARD, Siz—E NumBeErs, DIAMETERS 
AND PITCHES 


Diameter in Inches 


eer Threads 
ber o per e cy fs oe. 
7 Maxi- Mini- . Maxi- Mini- 
petew) |) Inch Basic mum | mum Basic mum mum 
I 2 3 & {hg Si) IO aay ees 
(o) 32 0.060 0.064 0.053 rs 1.6 Ta 
I 28 0.073 0.077 0.066 1.9 2.0 Dei 
2 26 0.086 0.090 0.079 22 253 370) 
3 24 0.099 0.103 0.002 2.5 2.6 253: 
4 22 O.112 0.116 0.105 2.8 2.9 2.6 
5 20 0.125 0.129 0.118 Se 8 3.0 
6 18 0.138 0.142 0.131 e yal 3.6 a3 
7 16 0.151 0.155 | 0.144 3.8 3.9 3.6 
8 15 0.164 0.168 0.157 4.2 4.3 4.0 
9 14 0.177 o.181 0.170 4.5 4.6 4.3 
10 13 0.190 0.194 0.183 4.8 4.9 4.6 
Tr 12 0.203 0.207 0.196 Tyn2) 5.3 5.0 
12 II 0,216 0.220 0.209 5.5 5.6 pee 
14 10 0.242 0.246 0.235 6.1 6.2 5.9 
16 9 0.268 0.272 0,261 6.8 6.9 6.6 
18 8 0,204 0.298 0.287 Tas 750: thoes 
20 8 0.320 0.324 0.313 8.1 8.2 7.9 
24 7 0.372 0.376 | 0.365 9.4 9.5 9.2 
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Coacu ScREWS 
(Dimensions in Inches) 


Threads 
Nom. | Threads Longest |} Shortest 
Diam W H per Inch | Pet Inch | Pointed | Pointed 
t % 16 t 10 83 10} I 
is 45 tt t 9 78 10> 1} 
3 ts i I m, o 10} coy 
ts I 7 6 10} 1} 
4 i i, It 6 55 17 I} 
16 at It 54 55 17 ij 
$ 5 if 14 5 43 17 2 
t 1% 2 44 S59 17 2h 
t I¥5 $b hd 4 34 17 34 
I 14 i Fs 34 3 17 44 


*Crown same as square-head machine bolt. Length of thread varies 
from about %, the length on short screws, to }, the length on long bolts 
(Buffalo Bolt Co.). 
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Coac# ScREW THREADS 
(Dimensions in Inches) 


A 
Nom. Thread: 
Diem. eakicch B c D 
Min. Max. 
a Bite) 0.233 |.0.236 | 0.185 | 0.0500] 0.191 
& 9 0.294 | 0.298 | 0.231 | 0.0502] 0.250 
= 7 0.356 | 0.360 | 0.278 | 0.0690} 0. 286 
vs 7 0.418 | 0.423 | 0.324 | 0.0594] 0.333 
2 6 0.479 | 0.484 | 0.370 | 0.0702] 0.379 
pod 52 0.539 | 0.554 | 0.416 | 0.0756] 0.426 
a 5 0.601 | 0.616 | 0.463 | 0.0815] 0.475 
3 Ay 0.724 | 0.739 | 0.555 | 0.0820] 0.566 
t 4 0.849 | 0.864 | 0.647 | 0.0875] 0.658 
I 32 | 0.974 | 0.989 | 9.740 | 0.0998] 0.754 
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EYE BOLTS 


uouuy 


DIMENSIONS OF WILLIAMS ‘‘VULCAN” PLAIN AND SHOULDER EYE 
Bots 


SHOULDER 


PLAIN 


& Cone 
8 apising | Reese Aes a Re 
ae . HHH NANAK HMMtt MOO 
Ea 
3 i v0 
a @pIst] | ere 9H Bede A Tetons 
Q Zl HH HHHH HHAN ANAM 
4904S ur rieaice riiicrice 
yysue7y wnurxeyy | ett + FTTH wWHHO Coo 
Jopineygsepun: Medacie  Weeiec neds weenie 
4 yysuey prepuryg} HHH HR HHH A aaamM mot 
s 
a JOPOUIVIC, | etna eens ko Horde whe 
HHH HHA 
urleljg Buy PeIg 
= S - te) con fo} nm OW 
ayeurxoiddy a ABS RBSB Sa 
es : 
Ps 
SS | serous | <2 ee 
gi) | 38 peo] ese y ES a SO ele ete scenes 
go | 
OG prot SB Sirk Ed ot a 
4 
BuryIoM oyeg OHHH AMMT HY es bebe 
5 apisyng | SSNS Re aE ReEHE Mak 
a : HHAN AAMM TTHO OF 
a> 
aA rpesce re whi Ridio ne 
: Tt cporkurtard Ro 
a) SPSUL |] Wane Meee ANAM cot 
OFS Ur Tleaiearierin nee 
yysue7T wnuixeyy | TTT FHM MOCO CO 
eAq Jepun ptarterteecter (tt kein sis: rete oe 
4 yysue’yT plepurys HHH ARAN N ag 
Py 
recede rdcvene Laud 
a Tayourerc] | eriec stenteris  ctactectnnte oa 
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aay Ve pecs 
larve ms Ted. 
' Foled) 


: C LF 
., yr y ¥ 
~ bol, Recessed Mut { 3p 9% 
: Bs) K- “Chamtered Corners Sg Crk ae 
de fe bolt 
: m4 
A iA ) D Section 
X 
Harvey Grip Bolt Thread Enlarged 
Harvey Grip Bott THREAD ENLARGED 
Size Dimensions of thread 
of 
bolt A | ae | P D B T 
R” 45° Max 1000” Min or18”’ or18”" 
10° .065" 
a 45° Max 1111” Min 0132” 0132 
10° .072/' 

Wipieht Dimensions Threads 
or per 
rail Ei Sc) nSu ee |e |e N|N|o|R inch 

gi uM iid ia wt tt uy wy wt 
b, ip a th, wt 1k, 8 me, A 4} v, %, *° 
me 1h” 5” ry!” 155!” 33” Ae 14” badd 4’ 9 
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pore a4 : 


Size | Size 


oO 
Bolt | Hole 


Thick-| Weight 


PLAIn WASHERS 
U. S. STANDARD 
(Dimensions in Inches) 


vs t 
bs vs 
ts 3 
t 16 
ws i 
a % 
i6 $ 
t 1% 
4 8 
5 us 
I Its 
th 1t 
1} 1} 
1% 1h 
1} 1 
1§ 1} 
1} 1h 
1} 2 
2 at 
2t 2% 
2h 25 


ts 


18 (¢%&) 
16 (75) 
16 (zs) 
14 (&) 
14 (#7) 
12 (gy) 
12 (fy) 
10 (4) 
10 (4) 
9 (fr) 
9 (Fr) 
9 (#r) 
9 (dz) 
8 (4) 
8 (th) 
8 (44) 
8 (44) 
8 (4) 
8 (tt) 
6 (%5) 
5 (¢z) 


in 
Pounds 


2.53 

6.40 

8.80 
14-7 


a 
Thick- 
Size Size Outside ness 
° ° Diam- Wire 
Bolt Hole eter aed 
Oo. 


PLAIN WASHERS 
S. A. E. StaNDARD 
(Dimensions in Inches) 


6 t or 
8 4 1s % 

on ee % 
16 i tk vs 
3 ts 
ts u te 
4 I ty 
to Its at 
i oa ds P 
t 5 1} + 


Narrow-GAGr WASHERS 
(Dimensions in Inches) 


t 6 (ts) 
ye i 160) 
seein 
i I I 
a ae 
7 I ig 
eae 
& i 2 9 (a) 
I I x5 2 9 (tr) 
1h x 2 9 (ay) 
1} I 2 9 (fy) 
1% IZ 3 ep 
1} 1% 3% 8 (44) 


Steel No. 1010. Tolerance plus or minus 0.010, 


WASHERS 481 
Cast-IRON WASHERS 
Size of Outside mo Size of Outside . 
Bolt Diameter Thickness Bolt Diameter Thickness 
3 1} ts If 4h I 
$ 2 3 1} 5 If 
8 24 3 13 53 1} 
# 3 g 1} 6 13 
g 3 i 1} rg 1h 
I 4 g 2 7% 13 
RIVETING WASHERS 
‘ i Thick- . 
a4 ole eet aes oe pice of Ee etwas 
5 Ir . t 
Rivet Hole eter Ga de Rivet Be: eg IS es 
oe 5) ee eee ee ee 
6 (.203) | 3% | te 18 1s a3 I 14 
ee bye sae es] (dh bak yk ae 
t tt 3 16 3 $5 It 12 
i Be th | egg 1) Tee ae) ae 
ts ees 14 4 a5 1} II 
ts 32 $ 14 3 32 1} II 
3 32 $ 14 3 $2 ii 10 
§ 33 I 14 
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U.S. Navy Borer Rivers 


Weeks per 

A B ht of 
‘Yo heads et 
4 14 vs 4 +531 ,0556 
fo} 4 te +713 0704 
4| 8 vo | 4 1.007 0869 
te | 1% { ty 1.372 1052 
4 |a%e |] 4 4 1.551 .1251 
| tts | % | % 2.033 1470 
% | th % | 4 2.258 1703 
| 1h 4 % 2.871 1956 
I 1} 44 | 1 3-584 2225 
1%5 | 14 | 12s 3.910 2512 
1} 1h } 1} 4.761 | 2816 
tte | 2 te its 5.170 -B137 
1 2} | 1% 6.215 -B477 
tts | 24 I tts 7.39% -3833 
1} 2} tts | 1h 8.490 4207 
tye | 24 | th | 1%6 9.94% 4599 
th | 2h | rife | 14 11.507 5006 
1fs | 2% tt 1%6 13-242 +5433 
th 2h) | ate) x4 15.146 5876 
1% | 3 14 itt 17.300 6336 


1% | ah | 146 | 14 19.485 6815 


PAN-HEAD BUTTON  COUNTERSUNK 


Pan-head Button Countersunk 
1 a soo ek eles exo ae | B Sg 
4 te | te 4 1 ws | ts t 1 # | 60 
4 4 ts 4 i 4 ts 4 i wz | 60 
4 4} 4 4 1 a | 4 it 4 60 
4 1 v6 4 4 I Vs h | *xds 4 60 
4 1% | 4 i $| the | 4 4| 1d) 4 45 
4 ifs ts 4 4| tH | *% 4 | 1% qt | 45 
1 1h i 1 L 14 4 1 rf 4° 48 | 37 
4 1h cH es INS ge | 14] xt 4 | 37 
1h | 4 T° 32) Sa S 14) 18% | 2 37 
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LENGTH OF ROUND HEAD RIVETS FOR DIFFERENT 
THICKNESSES OF METAL 


To find the required length of a rivet when thickness of metal 
between rivet heads is given, assuming the rivet hole to be #5 inch 
larger than the rivet before it is heated, refer to the table below. 
Grip in inches means thickness of metal between rivet heads. 


Diameter in Inches 


the } | j 1 | i | 1 
Inches. 
Length in Inches. 
} 13 Iq Ig 2 23 
é 13 Ig 2 2} 24 
i 1} 2 25 25 23 
t 1% 25 25 2% ay 
I 2 22 23 23 23 
1% 25 28 23 28 24 
1} Des 2 25 2} 25 
18 24 23 25 25 3 
1% 23 25 3 3% 34 
13 24 3 38 34 3% 
4 25 38 34 33 33 
1% 3 32 38 32 38 
2 38 33 32 33 3% 
25 3h 33 38 34 38 
2 38 38 3% 36 4 
2% 32 34 38 4 48 
24 38 38 4 Ae 4h 
25 34 4 at 4a 48 
24 38 4g 4t 46 43 
at 4 45 43 43 48 
3 4g 43 45 44 48 
38 45 48 4% 46 5 
3% 42 4¢ 4$ 5 53 
33 43 43 5 58 5 
32 4% 5 58 5a 5 
38 45 5st 54 58 5 
34 5 54 58 53 5% 
3 58 58 53 58 54 
4 54 52 Se 5t 5é 
4t 53 5a Se 6 63 
43 St 6 Of 63 63 
43 6h 63 63 65 64 
5 65 63 6% 6g 7 
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MEASURING AND FITTING 


THE VERNIER AND HOW TO READ IT 


Tuis method of measuring or of dividing known distances into 
very small parts is credited to the invention of Pierre Vernier in 
1631. The principle is shown in Figs. 1 to 3 and its application in 
Figs. 4and 5. In Figs. 1 and 2 both distances o-1 are the same but 
they are divided into different divisions. Calling o — 1 = 1 inch 
then in Fig, 1 it is clear that moving the lower scale one division will 
divide the upper one in half. In Fig. 2 the upper scale is divided in 
half and the lower one in thirds. If the lower scale is moved either 
way until } or comes under the end line, it has moved 3 of an inch 


0 2 ye he 8 fo 


FIG. 5 
Vernier Reading 


but if either of these are moved to the center line then it is only 
moved # of this amount or %. 

Figure 3 shows the usual application of the principle except that it 
is divided in four parts instead of ten. Here both the scales have 
four parts but on the lower scale the four parts just equal three 
parts of the upper scale. It is evident that if we move the lower 
scale so that o goes to 1 and 4 goes to 4 that it will be moved * the 
length of the distance o — 4 on the upper scale. If this distance 
was 1 inch, each division on the upper scale equals ¢ inch and moy- 
ing the lower scale so that the line 1 just matches the line next to o 
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on the upper scale gives { of one of these divisions or 7 of 
an inch. ‘ 

Figures 4 and 5 show the usual application in which the lower or 
vernier scale is divided into 10 parts which equals g parts of the 
upper scale. The same division holds good, however, and when 
the lower scale is moved so that the first division of the vernier 
just matches the first line of the scale, it has been moved just one 
tenth of a division. In Fig. 4 the third lines match so that it has 
moved ;* and in Fig. 5, 45 of a division. Soif A B is one inch then 
each division is ;4; of an inch and each line of the vernier is 75 of 
that or 745 of an Inch. 

To find the reading of any vernier, divide one division of the upper 
or large scale by the number of divisions in the small scale. So if 
we had a vernier with 16 divisions in each, the large scale being 
1 inch long, then the movement of one division is #5 of #5 or a¢y of 
an inch. 


READING THE MICROMETER 
THE commercial micrometer consists of a frame, the anvil or fixed 


measuring point, the spindle which has a thread cut 40 to the inch 
on the portion inside the sleeve or barrel and the thimble which 


B- Anvil | 
C- Spindle or Screw 
D- Sleeve or Barrel 
E- Thimble 


Fic. 6.—Micrometer 


goes outside the sleeve and turns the spindle. One turn of the 
screw moves the spindle #y or 0.025 of an inch and the marks on the 
sleeve show the number of turns the screw is moved. Every fourth 
graduation is marked 1, 2, 3, etc., representing tenths of an inch or 
as each mark is 0.025 the first four means 0.025 X 4=0.100, the third 
means 0.025 X 4 X 3 = 0.300. ' 

The thimble has a beveled edge divided into 25 parts and. num- 
bered 0, 5, 10, 15, 20 and to o again. Each of these mean '; of a 
turn or gs of #y = zeyp Of an inch. To read, multiply the marks 
on the barrel by 25 and add the graduations on the edge of the 
thimble. In Figs. 6 there are 7 marks on the sleeve and 3 on the 
thimble so we say 7 X 25 = 175, plus 3 = 178 or 0,178. 


MICROMETER 493 


In shop practice it is common to read them without any multiply- 
ing by using mental addition. Beginning at the largest number 
shown on the sleeve and calling it hundreds and add 25 for each 
mark, we say in the case shown roo and 25, 50, 75 and then add the 
numbers shown on the thimble 3, making o.178inall. Ifit showed 
4 and one mark, with the thimble showing 8 marks, the reading 
would be 400 + 25 + 8 = 433 thousandths or 0.433. 


THE TEN-THOUSANDTH MICROMETER 


Turs adds a vernier to the micrometer sleeve or barrel as shown 
in Fig. 7, which is read the same as any vernier as has been ex- 
plained. First note the thousandths as in the ordinary micrometer 
and then look at the line on the sleeve which just matches a line on 


Thimble Thimble 
= 12 1 19 
nN 
- 
So 
98705 2 
Sleeve Sleeve 
B Cc 


A 


Fic. 7.—Micrometer Graduations 


the thimble. If the two zero lines match two lines on the thimble, 
the measurement is in even thousandths as at B which reads 0.250. 
At C the seventh line matches a line on the thimble so the reading 
is 0.2507 inch. 


MEASURING THREE-FLUTED TOOLS WITH THE 
MICROMETER 


Tue sketch, Fig. 8 on page 494, shows a V-block or gage for ~ 
measuring three-fluted drills, counterbores, etc. 

The angle being 60 degrees, the distances A, B, and C are equal. 
Consequently to determine the correct diameter of the piece to be 
measured, apply the gage as indicated in the sketch and deduct 
one-third of the total measurement. 

The use of this gage has a decided advantage over the old way 
of soldering on a piece of metal opposite a tooth or boring out a ring 
to fit to. 

Using a standard 60-degree triangle for setting and a few different 
sizes of standard cylindrical plug gages for testing, the V-block 
may be easily and very accurately made. 


494 MEASURING AND FITTING 


= 


0123456780] 


Ff Oa 
a 

4---- =, 
pe 
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USE OF CALIPERS 


Side Play of Calipers in Boring Holes Larger than a Piece of 
Known Diameter 


The following is an approximate rule for obtaining the variation 
in the size of a hole corresponding to a given amount of side play 
in the calipers. The rule has the merit of extreme simplicity and 
can be applied equally well to all diameters except the very smallest. 
In most cases the calculation is so simple that it can be done men- 
tally without having recourse to pencil or paper. 


The Caiculation 


Let A in Fig. 9 = side play of calipers or end measuring rod in 
sixleenths of an inch. 
B = dimensions to which calipers are set, or length of measur- 
ing rod in inches. 
C = difference between diameter of hole and length of B in 
thousandths of an inch. 


2 
Then'C = et within a very small limit. 


Example: A standard end measuring rod, 5} inches long, has 
3 inch of side play ina hole. What is the size of the hole? In this 
case d = 6 and B = 54. Apply the above formula: t 
6X6 36 


er elie iG .2ip thousandths of an inch, or 0.00327 inch. 


The diameter of the hole, therefore, is 54 + 0.00327 or 5.50327. 
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The method will be found to be correct within a limit of about 
0.0002 inch if the amount of side play is not more than one-eighth 
of the diameter of the hole for holes up to 6 inches diameter; within 
0.0005 inch for holes from 6 inches up to 12 inches; and within 0.001 
for holes from 12 inches up to 24 inches. 


Fic. 9.—Caliper Side Play 


Allowing for Running and Driving Fits 


This rule has been found to be useful for boring holes of large 
diameters in which allowances have to be made for running or 
driving fits, as only a single measuring rod for each nominal size is 
required. The rods should be of standard length, or a known 
amount less than standard, the allowances being obtained by vary- 
ing the amount of side play when boring. ‘The rule is also capable 
of determining limits, as the maximum and minimum amount of side 
play allowable can be specified. The measuring rods should be 
tapered at each end and the points slightly rounded. For accurate 
work, the body of the rod should be encased in some non-conducting 
material to nullify the effect of the heat of the hand. 

In comparing this method with that described on page 494, it 
should be remembered that the conditions are reversed—that is 
to say, the first method is for setting calipers to a given dimension 
smaller than a hole of known diameter, whereas the method now 
described is for boring a hole a given amount /arger than a gage of 
known length. 

In measuring the side play it is sufficient to take it to the nearest 
sixteenth of an inch, and if anything like accuracy is required it 
should be measured, not guessed at. 


INTERCHANGEABLE MANUFACTURE 


Standard or Basic Hole Practice 
Strict interchangeability consists in making the different parts 
of a mechanism so uniform in size and contour that each part will 
fit and properly function in any one of the whole number of mecha- 
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nisms, no matter when or where it is made. If the quantities being 
manufactured are large, interchangeable manufacture is economical 
because it entails a correct system of gaging as well as manufacture. 
This system does not produce any more scrap or spoiled work than 
any other—it only indicates by inspection methods which pieces 
are definitely within or without the prescribed dimensions as repre- 
sented by the gages. 

It is a generally accepted practice in the best shops to have the 
minimum dimension of the hole or receiving member standard. 
This is because the means of measuring are better adapted to such 
standards as plugs, blocks and end measuring rods. Correct 
standards of this type are easier to produce and as they form a 
ready means of directly checking the external member of a pair 
of mating parts, they at once establish the minimum dimension 
at the logical place. Any external member which will not receive 
the gage is too small, that is, it is below the standard size. 

The mating gage to a plug, block or rod gage (or the other mem- 
ber of a pair of gages) thus directly checks the internal member 
against being too large or over the standard size. Therefore, 
standard gages should fix this point of the dimensions of the most 
difficult fit required in interchangeable manufacture. 

Ina pair of mating parts that fit and move freely, there is a space 
or clearance between the mating surfaces. If this space be reduced 
gradually a condition will ultimately be reached in which there is 
no space or clearance between the parts, that is, the mating parts 
are together metal to metal without shake. Then any movement 
of the parts one within the other will require some force. If this 
condition of tightness be represented by a horizontal line, which 
we might call ‘‘zero,” then this zero line marks the low limit in 
the dimension of the external member and the high limit of the 
dimension of the internal member. 

Any overlapping of this line by the dimensions of either member 
of a mating pair tends to produce tightness, and any deviation 
away from this line without crossing it will tend to produce loose- 
ness. ‘This zero line, then, is the logical place to coincide with the 
standard and the best experience in interchangeable manufacture 
has verified this and the best shops use it. A 

In Fig. 10, the zero line A~B_ corresponds to the exact standard 
size and the line C-D represents the largest allowable dimension 
on the tools for external members. The space between the lines 
A-B and C—D is the manufacturing tolerance and also the wear 
limit on these tools. As soon as the tools have worn so that the 
standard gage will not go in the hole, their use is stopped. SUP 
might be asked why not continue their use to, say, 0.001 in. undersize 
before stopping and so get more wear out of the tool? The obvious 
answer is because the standard gage will not check it, and hence 
the gage is of no use. 2g hae 

The tolerance on the tool above the minimum size determines 
the amount of wear on the tool and not the relation of the minimum 
size to the standard. If 0.002-in. wear is desired on a tool, then 
there must be 0.002-in. more looseness when the tool begins to 
work and this should be above standard, as nothing is gained by 
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starting it at o.cor-in. above standard and stopping at o.oor in. 
under standard. 

The line H—J represents the largest allowable dimension on the 
shaft or internal member and the space between this line and the 
zero line is the minimum allowance, which must never be inten- 
tionally encroached upon. It is intended for a predetermined 
looseness for oil and freedom of fits to prevent seizing. 

This space between the zero line and line H—J is the difference 
allowed between the dimensions of the smallest external member 
and the largest internal member by the designer for the express 
purpose of establishing the tightest permissible fit. 

It is necessary to have a manufacturing tolerance when a large 
number of these are made and the line K—L represents the smallest 
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allowable dimension on the shaft or internal member and the space 
between the lines H—J and K-L is the tolerance allowed for manu- 
facturing the internal members. 

The maximum looseness is represented by the distance between 
the lines C-D and K—L. The greatest tightness is represented by 
the distance between the zero line A~B and H—J. In this case, the 
limits for the external member are from standard to C—D oversize 
and the limits for internal member are from H—J to K-L, both 
undersize. 

The space between the lines A~B and H-J is commonly called 
neutral space, indicating that it is not to be encroached upon by 
the intrusion of the dimensions of either member of a pair of mating 
parts. In force or shrink fits there is no neutral space but the allow- 
ance provides for less than a space, or an imaginary neutral space 
occupied by part of each member. Figs. rr and 12 show four com- 
mon fits. For any class of fit—tight, loose or medium—the 
standard gage fixes the low limit for the size of the hole or external 
part. If these parts are made with precision tools, such as reamers 
or broaches, all these holes can be made with the same tools and 
carried in stock for all fits. The methods of finishing the shaft or 
internal members vary so widely that standard tools for this pur- 
pose are not commonly carried in stock. The desired kind of fit is 
secured by making the internal member the required amount under- 
size. It has been common practice for years to make shafting and 
cold drawn steel which is used for this purpose about .oor in. or 
more under the standard size to insure interchangeability in 
standard holes. 

It will be noted that the same minimum plug or “go gage”? is 
used for all holes regardless of fit. This “go gage” is exactly the 
same as the calibrated standard and is, therefore, checked by it. 
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Should it be required to either increase or decrease tolerances this 
gage remains unchanged and the interchangeability is not affected. 
Increasing the tolerance on the external member increases the 
size of the “no-go gage,’’ resulting only in more freedom of fit. 

The Newall System of gaging, in great favor in England before the 
standards of the British Engineers Association were adapted, has 
as its basis a “uniform standard hole,” as being the only practic- 
able workable basis for true interchangeability. This should also 
be extended to screw thread products. Taps are not adjustable— 
the dies are. The standard threaded plug is easier to produce and 
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calibrate or verify. The threaded ring gages are adjustable and 
everything points to the logic of extending standard hole practice 
to screw thread products. 

Interchangeability in screw thread fits has also been determined 
by the National Screw Thread Commission, interchangeability 
being secured through standardizing the tapped hole. ‘This is 
done by making the minimum size of all tapped holes basic, regard- 
less of the kind of fit desired. The four classes of thread fits are 
loose, free, medium and close. 

Complete data concerning screw thread fits will be found on 
pages 34 to 111. These include straight threads and pipe threads 
of both American and British standards, as well as oil well casings, 
and hose couplings. Methods of measurement and standards for 
machine fits in general, are given on the pages that follow. 
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MEASURING WITH LIGHT WAVES* 


While the measurement of gages, tools and parts, with light 
waves, involves the application of scientific principles of light- 
waye interference, the method is extremely simple and there are 
many advantages to be gained from this most accurate measuring 
facility. Any piece or part that can be measured between the flat 
measuring faces of a micrometer caliper-can be readily measured 
between the flat surfaces of two optical flats. 

Equipment Required 
In general, a light-wave-measuring equipment includes the 
following: 
Two optical flats. 
One monochromatic light. 
One set precision gage block standards. 

An optical flat is simply a piece of clear, hard: glass which is 
carefully ground and polished until one surface is perfectly flat. 
It has no magnifying power, but depends for its usefulness upon the 


era 


Fic. 13.—Light Wave Measuring Equipment. Comprising two 
Working Flats, 1 Master Flat and Monochromatic Light 


degree of accuracy of the one flat surface. A good working flat 
should be a true plane within 0.000005 inch (5 millionths), and a 
master or reference flat should be accurate within 0.0000025 inch 
(2% millionths).. An accurate steel flat may be used for a bottom 
flat. with the advantage of lower cost and longer life. 

__ The monochromatic light is a light of one color or wave length. 
Daylight or white light contains all the colors and wave lengths 
‘from about 16 to 26 millionths of an inch. A convenient form of 
monochromatic light is shown Fig, 13. It is provided with a red 


*By H. L. Van Keuren. 
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selenium glass screen which cuts out all of the colors from an electric 
lamp except the red, and results in a definite measuring unit of 123 
millionths of an inch per dark band, or 8 bands to the ten-thou- 
sandth of an inch. Interference bands seen with daylight are a 
series of colors similar to the colors of a rainbow, and an approxima- 
tion of to millionths of an inch per band may be used for the 
measuring unit. 
Meaning of the Interference Bands 

When an optical flat is placed on a nearly flat lapped or polished 
reflecting surface, care being taken to exclude moisture, oil or dust, 
by wiping the surfaces with a clean cloth and then dusting with a 
camels hair brush, interference bands or alternate light and dark 
spaces will be seen. Fig. 14 shows the character of these bands, 


Tn ta 
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Fic. 14.—Interference Bands on Two Gage Blocks Being Compared 
for Flatness, Length and Parallelism 


which tell the whole story. An examination of the bands seen in 
Fig. 2, which shows the comparison of two gage blocks, will reveal 
the following facts: 

1. The bands are slightly curved. This indicates that the sur- 
faces of the gage blocks are not perfectly flat. Straight bands indi- 
cate a flat surface, curved bands a curved surface. If the bands 
curve around the “point of contact,” or the point where the glass 
touches the surface being examined, the surface is convex. If the 
curvature of the bands is just the reverse the surface is concave. 

2. The pronounced light spot and the more clearly defined bands, 
near the observer (in Fig. 14), indicate the point of contact. As 
the bands curve around the point of contact the surfaces of the 
gage blocks are convex. 

3. The bands on each gage curve about two-tenths of the distance 
between successive bands, and the error of flatness is therefore 
two-tenths of one measuring unit (124 millionths), or 23 millionths 
of an inch. 

4. The upper flat is sloping upward toward the rear at the rate of 
124 millionths per dark band. ‘There is therefore a wedge of air 
between the upper and the gage blocks. At the rear of the right- 
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hand gage the wedge‘is 5 times 124, or 62.5 millionths thick. At 
the rear of the left-hand gage the wedge is 54 times 124 millionths, 
or 68.75 millionths thick. The gage on the left is, therefore, shorter 
or smaller than the gage on the right by one-half band, or a little 
over 6 millionths of an inch. 

5. It will be noted also that each band on the left-hand gage 
occurs about one-half band lower down on the wedge than the bands 
on the right-hand gage. Thus the comparison of length may be 
referred to the frst band on each gage or to the second or to any 
successive band. 

6. The bands on both gages, although slightly curved, are practi- 
cally parallel, indicating that the upper surfaces of the two gages as 
they are wrung on the lower flat are parallel within 1 or 2 millionths 
of an inch. 

Thus with one observation there is obtained the flatness parallel- 
ism and length comparison of two gage blocks. Both gages are 
measured at the same time and at the same temperature. An 
accuracy of 1 or 2 millionths of an inch is secured and there are no 
complicated settings or parts to introduce error. The accuracy of 

the flat may be known by testing them together or, better, by 
testing three flats in various combinations. 


The Principle of the Wedge of Air 


The conditions which exist when an optical flat is placed on a 
gage block, and interference bands made visible, may best be 
explained by referring to the diagrammatic sketch of Fig. rs, which 


Fic. 15.—Exaggerated Condition Showing Optical Flat Making 
Angular Contact with Flat Gage Block. Straight Bands Indicate 
Flat Surface. Bands Locate Vertical Steps of 124 Millionths of 
an inch 


shows the wedge or angular contact greatly exaggerated, and the 
surface of the gage block perfectly flat. 

The interference bands are caused by the fact that the light 
reflected from the surface of the gage interferes with the light 
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reflected from the under surface of the flat. The dark interference 
bands indicate vertical distances of one-half wave lengths of light 
This is strictly true when looking directly down on the surfaces anc 
practically true when viewed at a slight angle. 

The first band nearest the point of contact indicates that the 
vertical distance between the gage and the flat is 12} millionth: 
of an inch. The second band shows a vertical distance of 25 
millionths of an inch, and so on. If the flat is pressed down on the 
gage the wedge becomes thin and fewer bands or steps of 123 mil- 
lionths are present. 

If the surfaces are accurately flat, they can be brought together 
so close that the distance at any point is less then 0.000005 inch 
and the bands disappear. Thus when a gage block is wrung on a 
flat, it is in intimate contact, being held on the flat by a very thir 
film of moisture of grease within 2 or 3 millionths of aninch. It is 
surprising that, although this film is but a few millionths of an incl 
thick, it is plainly visible through a glass flat. 

Referring again to Fig. 15, the following facts should be observed 

1. Straight bands indicate a flat surface. 

2. The number of bands show the steepness of the wedge of air 
and are units of measurement showing differences of thickness 
or length between the gage block standard and the piece being 
measured. 

3. The direction of the wedge is at right angles to the directior 
of the bands. 


Amount of Flatness Error 


If the bands curve the distance between successive bands, th« 
surface tested is out of flat 124 millionths of aninch. This condi 
tion is shown in Fig. 4B. Here the dotted line connecting the end: 


= Ss ES Sera uigp Zig 
= ES eS eae 
a b 


c d e 


Fic. 16.— Different Conditions and Degrees of Surface Error. Heavy 
Lines Indicate Edge in Contact with Flat 

a, Convex surface—side edges low 6 millionths. 6, Convev sur 
face—side edges low 12 millionths. c, Nearly flat—side edges loy 
or rounded 6 millionths. d, Surface both convex and concave— 
hollow in center, higher each side of center and lower at side edges 
Error 3 millionths. e, Note 2 high spots with 12 bands between 
indicating a valley 6 bands or 75 millionths deep. 


NY 


of a band just intersects the previous band. In practice, a shadov 
from a straight edge may be used for the dotted line, but, in general 
the flatness error may be estimated to sufficient accuracy. Othe 
conditions of surface error are shown in Fig. 16. 
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APPLYING THE PRINCIPLE OF THE WEDGE 


Measurements of diameter or length are made by wringing a 
gage block standard on the lower optical flat, and then bringing 
the upper optical flat in contact with both the gage block and the 
part being measured. The upper flat must be pressed down until 
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contact is secured on some point of the gage block and the part 
being measured. ‘The location of the point of contact on the gage 
block will depend on the oversize or undersize condition of the part 
being measured. 

It is essential that the location of the point of contact on the 
gage block be determined. This is readily apparent in daylight 


Fic. 18.—Measuring Pitch Diameter of a Thread Gage. Acom- 
bination of gage block is selected to correspond to the desired 
measurement over the wires. The flat slopes upward from the left 
4 bands across the gage blocks and about 3 bands more to the wires. 
The pitch diameter is therefore 7 times 12% millionths or 87} 
millionths oversize. 


by the absence of color, the grayish surface of the steel gage block 
being seen. 

The gage block, in reality, establishes a parallel reference plane 
I inch—if it be a r.000-inch gage—above the lower or base surface. 
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The amount that the part is over or under standard is then easily 
determined by counting the bands starting from the point of con- 
tact on the gage block and continuing to the point of contact on the 
part being measured. 

Fig. 17 shows in a diagrammatic way how the amount oversize o1 
undersize is determined for measuring plug gages. The same 
principles apply for making other measurements, such as the 
measurement of pitch diameter of thread gages, as shown in Fig. 18. 

Among the uses of light waves should be mentioned the following: 

1. Comparing precision gage blocks. 

2. Testing flatness of micrometer or measuring-machine contacts, 
snap gage jaws or other flat gaging surface. 

3. Measuring diameters of plug gages, steel balls, rollers, thread 
gages, thread-measuring wires and accurate cylindrical parts. 

4. Measuring thickness of watch hairsprings, thin sheet metal 
parchment or like material. 

5. Determining coefficient of expansion of metals or other 
substances. 

6. Determining amount of contraction of dental amalgams or 
cements during the setting process. 


TOLERANCES AND ALLOWANCES FOR METAL FITS 


Introductory 


A Committee of the A. S. M. E. on Plain Limit Gages for Genera! 
Engineering Work, believing that the terms and definitions used 
should, as nearly as possible, conform to those in common use, 
adopted the following fundamentals and definitions. 


Fundamentals 


Direction of Tolerance on Gages.—The extreme sizes for all 
plain limit gages shall not exceed the extreme limits of the part 
to be gaged. All variations in the gages, whatever their cause o1 
purpose, shall bring these gages within these extreme limits. Thus 
a gage which represents a minimum limit may be larger, but never 
smaller, than the minimum size specified for the part to be gaged. 
likewise the gage which represents a maximum limit may be smaller, 
but pie! larger, than the maximum size specified for the part to be 
gaged. 

The temperature of 68 degrees Fahr. (20 degrees Cent.) shall be 
the standard for plain limit gages. 

The final result sought by gaging is interchangeable manufacture 
in some degree. This means that the parts of a mechanism can be 
assembled without fitting one part to another and when assembled 
the parts will function properly. , 

Applied to manufactured material, the result sought is sufficient 
uniformity in size and contour to adapt the material without 
further fitting to the requirements of the industries. The funda- 
mental principle involved in interchangeable manufacture requires 
that “‘a system of standardization and classification of fits shall 
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establish a clearly defined line at which interference between mating 
parts begins.” Hence, 

(a) The standard or basic size, as physically represented by a 
correct standard master gage, represents the line at which this 
interference begins between mating parts. 

(b) It is the minimum size of the external members of all mating 
parts of standardized practice, regardless of the kind of fit. 

(c) It is the maximum size of internal members of all mating parts 
where interference begins or that fit metal to metal.* 

(d) The limits of the component as physically represented by the 
limit master gages shall not be exceeded as a result either of toler- 
ance or wear of the gages. 

(e) “Go” gages, or the equivalent verification of all the factors 
involved in the fit, are necessary to prevent interference of mating 

arts. 
: In the case of force fits, ‘‘go” gages are necessary to determine 
the maximum amount of interference between mating parts. 

(f) “Not go” gages, or the equivalent verification of the deter- 
mining factor, are necessary to prevent the maximum looseness of 
mating parts exceeding the limits specified. 

In the case of force fits, “not go” gages are necessary to deter- 
mine the minimum amount of interference between mating parts. 


Definitions 


Gaging.—A process of measuring manufactured materials to 
assure the specified uniformity of size and contour required by the 
industries. 

Gage.—A device for determining whether or not one or more of 
the dimensions of a manufactured part are within specified limits. 

(a) Ring Gage-—One whose inside measuring surfaces are circular 
in form. The measuring surfaces may be cylindrical or conical. 

(b) Plug Gage-—One whose outside measuring surfaces are 
arranged to verify the specified uniformity of holes. A plug gage 
may be straight or tapered and of any cross-sectional shape. 

(c) Receiving Gage-——One whose inside measuring surfaces are 
arranged to verify the specified uniformity of size and contour of 
manufactured material. 

(d) Indicating Gage-—One that exhibits visually the variations 
in the uniformity of dimensions or contour, the amount of the vari- 
ation being indicated by lever on graduated scale, dial, flush pin, 
plunger gages, etc. 

(e) Snap Gage.—A fixed gage arranged with inside measuring 

surfaces for calipering diameters, lengths, thicknesses, etc. 

(f) Caliper Gage-—One which, for internal members, is similar to 
a snap gage, and for external members, is similar to a plug gage. 

Standard.—A physical representation of a form, dimension or 
size established by law or by general usage and consent. 

Standard Sizes.—A series of recognized or accepted sizes corre- 
sponding to various subdivisions of a recognized unit of length such 


* The condition of (b) and (c) is represented by a mating pair of correctly 
fitting standard gages. 
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Receiving Gages 
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Snap Gages Caliper Gages 
Fic. 19.—Types of gages 


METAL FITS 507 


as the yard or the meter. These are usually expressed in inches or 
in millimeters, sometimes by arbitrary numbers or letters, 

Norre.—The industries by common consent have chosen several 
different series important for interchangeable manufacture. For 
instance, the common fractions of an inch are commonly called 
standard sizes, such as 4, 3's, 4, 7 inch, etc. 

Nominal Size—-A designation given to the subdivision of the 
unit of length having no specified limits of accuracy, but indicating a 
close approximation to a standard size. 

Basic Size-—The exact theoretical size from which all limiting 
variations are made. 

Allowance (Neutral Zone.)—An intentional difference in the 
dimensions of mating parts; or the minimum clearance space which 
is intended between mating parts. It represents the condition of 
the tightest permissible fit, or the largest internal member mated 
with the smallest external member. It is to provide for different 
classes of fit. 

Examptr.—A shaft dimensioned 0.874 inch and a hole dimen- 
sioned 0.875 inch represent an allowance of o.oor inch. The 
same hole with a shaft dimensioned 0.876 inch represents an 
allowance of 0.0ot inch also; but, as the shaft is larger than the 
hole, this allowance becomes a negative quantity. (See “‘ Explan- 
atory Notes,” page 531.) 

Tolerance.—The amount of variation permitted in the size of 
a part. 

Notr.—In the example under Allowance, the ideal condition 
and the tightest fit permissible have been given; but in manufactur- 
ing large numbers of pieces these sizes could not be produced exactly, 
so variations must be made that will not prevent their proper 
functioning but will enable them to be produced. These varia- 
tions must therefore tend toward greater looseness. Therefore, if 
a manufacturing tolerance of o.oor inch is required on each member, 
they would be dimensioned as follows: 


Shaft 0.874 inch + 0.000 inch 
— o.oor inch 

Hole 0.875 inch + 0.oor inch 
— 0,000 inch 


This defines a condition in which the greatest looseness is 0.003 inch 
and the greatest tightness gives a clearance of 0.001 inch. 
Neutral Zone.—see Allowance. 
Limits.—The extreme permissible dimensions of a part. 
Master Gage.— One whose gaging dimensions represent as exactly 
as possible the physical dimensions of the component. It is the 
‘gage to which all other gages and all dimensions of manufactured 
material are finally checked or compared, either by direct check or 
comparison. 
Inspection Gages.—Gages for the use of the manufacturer or 
purchaser in accepting the product. These gages must not accept 
any product which the master gages will reject. 
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Working Gages.—Gages used by the manufacturer to check the 
work as it is produced. These gages should not accept any product 
which the inspection gages will reject. 


Classification of Fits 


The following classification of fits is recommended: 

Loose Fit (Class 1)—Large Allowance.—This fit provides for 
considerable freedom and embraces certain fits where accuracy is 
not essential. 

ExampLEes.— Machined fits of agricultural and mining machinery; 
controlling apparatus for marine work; textile, rubber, candy and 
bread machinery; general machinery of a similar grade; some 
ordnance material. 

Free Fit (Class 2)—Liberal Allowance.—For running fits with 
speeds of 600 r.p.m. or over, and journal pressures of 600 pounds 
per square inch or over. 

EXAMPLES.—Dynamos, engines, many machine-tool parts and 
some automotive parts. 

Medium Fit (Class 3)—Medium Allowance.—For running fits 
under 600 r.p.m. and with journal pressures less than 600 pounds per 
square inch; also for sliding fits; and the more accurate machine-tool 
and automotive parts. 

Snug Fit (Class 4)—Zero Allowance.—This is the closest fit which 
can be assembled by hand and necessitates work of considerable 
precision. It should be used where no perceptible shake is permis- 
sible and where moving parts are not intended to move freely 
under a load. 

Wringing Fit (Class 5)—Zero to Negative Allowance.—This is 
also known as a “tunking fit” and it is practically metal-to-metal. 
Assembly is usually selective and not interchangeable. 

Tight Fit (Class 6)—Slight Negative Allowance.—Light pressure 
is required to assemble these fits and the parts are more or less 
permanently assembled, such as the fixed ends of studs for gears 
pulleys, rocker arms, etc. These fitsare used for drive fits in thin 
sections or extremely long fits in other sections and also for shrink 
fits on very light sections. Used in automotive, ordnance anc 
general machine manufacturing. 

Medium Force Fit (Class '7)—Negative Allowance.—Considerabl« 
pressure is required to assemble these fits and the parts are con- 
sidered permanently assembled. These fits are used in fastening 
locomotive wheels, car wheels, armatures of dynamos and motors 
and crank disks to their axles or shafts. They are also used fo: 
shrink fit on medium sections or long fits. These fits are the 
tightest which are recommended for cast-iron holes or externa 
members, as they stress cast iron to its elastic limit. 

Heavy Force and Shrink Fit (Class 8)—Considerable Negative 
Allowance.—These fits are used for steel holes where the meta: 
can be highly stressed without exceeding its elastic limit. These fit: 
cause excessive stress for cast-iron holes. Shrink fits are usec 
where heavy force fits are impractical, as on locomotive whee 
tires, heavy crank disks of large engines, etc. 
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Standard Fits Applied to Interchangeable Manufacture 


Interchangeable Assembly.— Machine shop practices are gov- 
erned largely by the conditions which must be met. These condi- 
tions are many and varied. The standard fits specified in Table 1 
can be applied to all practices. 

Tables 2 to 5 inclusive show the limiting sizes of mating parts for 
interchangeable manufacture. 

Using the basic hole principle on which this report is based, shaft 
members made to the specifications of one class of fit may be mated 
with hole members made to the specifications of another class with- 
out destroying interchangeability. 

Selective Assembly.— When the functional conditions of mating 

parts become so exacting that they cannot be maintained with the 
use of reasonable manufacturing tolerances, a practice known as 
“selective assembly” is often employed. In selective assembly, 
attainable manufacturing tolerances are established, then the 
completed parts are sorted or mated according to size so as to main- 
tain the required functional conditions. The productive processes 
here are the same as those for interchangeable manufacturing, with 
the addition of a sorting or mating operation before assembly. 

Tables 6 to 9 inclusive show the limiting sizes for the manufacture 
of mating parts which are to be assembled by selection. 
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TABLE 2.—Loose Fir (Crass 1)—LArcE ALLOWANCE INTER- 
CHANGEABLE 
This fit provides for considerable freedom and embraces certain | 
fits where accuracy is not essential. 
(All Dimensions in Inches) 


Tightest| Loosest | 


Size Limits Rit Bit j 

Hole or Shaft or Allow-* | 

rae ss External Internal Adhonmrs ence ih 
BORD re ate Mean Member Member wacdd 

sive 

+ - - si Eg | 

i 

° eu $ 0.001 | 0.000 | 0,001 | 0.002 0.001 0.003 | 

ai is 3 0.002 | 0.000 | 0.001 | 0.003 0.001 0.005 | 
ts is 3 0.002 | 0.000 | 0.001 | 0.003 0.001 0.005 

vs Pct % 0.002 | 0.000 | 0.002 | 0.004 0.002 0.006 | 

Ye er) a 0.002 | 0.000 | 0.002 | 0,004 0.002 0.006 | 

H q 4 0.002 | 0.000 | 0.002 | 0.004 0.002 0.006 | 
HR 35 $ 0.002 | 0.000 | 0.002 | 0.004 0.002 0.006 
aay Lig I 0.003 | 0.000 | 0.003 | 0.006 0.003 0.009 
I 1% 1% 0.003 | 0.000 | 0.003 | 0.006 0.003 0.009 

Is 1% I} 0.003 | 0.000 | 0.003 | 0.006 0.003 0.009 | 

13 rz 14 0.003 | 0.000 | 0.003 | 0.006 0.003 0.009 | 

14 1% 12 0.003 | 0.000 | 0.004 | 0.007 0.004 0.010 | 

1} 2% 2 0.003 | 0.000 | 0.004 | 0.007 0.004 0.010 | 

I 

2} 23 2} 0.003 | 0.000 | 0.004 | 0.007 0.004 0.010 | 

2} 2} 2k 0.003 | 0.000 | 0.005 | 0.008 0.005 O.01r | 

24 3} 3 0.004 | 0.000 | 0.005 | 0.009 0.005 0.013 

3} 32 34 0.004 | 0.000 | 0.006 | 0.010 0.006 0.014 | 

33 44 4 0.004 | 0.000 | 0.006 | 0.010 0.006 0.014 | 
4t 4% 44 0.004 | 0.000 | 0.007 | 0.OIT 0.007 0.015 
4t 54 5 0.004 | 0.000 | 0.007 | 0.011 0.007 0.015 

5) 63 6 0.005 | 0.000 | 0.008 | 0.013 0.008 0.018 | 
64 74 U/ 0.005 | 0.000 | 0.009 | 0.014 0.009 0.019 
74 83 8 0.005 | 0.000 | 0.010 | 0.015 0.010 0.020 


*NotTe: + denotes clearance or amount of looseness. 
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+ Tolerances 
FORMULAS : 
When d = mean size, Z 
Hole tolerance = 0.0025W/d 
Shaft tolerance = 0.0025°/d 


Allowance = 0.0025~/ aa 
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Taste 3.—Free Fir (Crass 2)—Liperat ALLOWANCE INTER- 
CHANGEABLE 


For running fits with speeds of 600 r.p.m. or over, and journal 
pressures of 600 pounds per square inch or over. 
(All Dimensions in Inches) 


- Dees = Tightest} Loosest 

Size Limits Fit Fit 
Hole or Shaft or Aldw. ste 

Up to External Internal peels “Polk i 
: and Member Member 4 Sones 

From Tele Mean nh 
sive 

+ = = zits +% 
to) mi $ 0.0007] 0.0000] ©.0004] 0.0011} 0.0004 | 0.0018 
= vs 3 0.0008] 0.0000] 0.0006] 0.0014] 0.0006 | 0.0022 
a 16 = 0.0009} 0.0000] 0.0007] 0.0016] 0.0007 | 0.0025 
ie & 3 0.0010] 0.0000] 0.0009} 0.0019] 0.0009 | 0.0029 
as Pe 2 0.00II] 0.0000] 0.0010] 0.0021] 0.0010 | 0.0032 
a4 45 Be 0.0012] 0.0000} 0.0012] 0.0024] 0.0012 | 0.0036 
13 es t 0.0012] 0.0000] 0.0013} 0.0025] 0.0013 | 0.0037 
R sey I 0.0013] 0.0000] 0.0014] 0.0027] 0.0014 | 0.0040 
ids I tt 0.0014] 0.0000] 0.0015] 0.0029] 0.0015 | 0.0043 
Liste, T4, rt 0.0014] 0.0000] 0.0016] 0.0030] 0.0016 | 0.0044 
12 1% 1 0.0015] 0.0000] 0.0018] 0.0033] 0.0018 | 0.0048 
13 It 1 0.0016] 0,0000] 0.0020} 0.0036] 0.0020 | 0.0052 
If 2t 2 0.0016} 0.0000] 0.0022] 0.0038] 0.0022 | 0.0054 
2k 23 2h 0.0017] 0.0000] 0.0024] 0.0041] 0.0024 | 0.0058 
2¢ at 25 0.0018] 0.0000] 0.0026] 0.0044] 0.0026 | 0.0062 
24 3t 3 0.0019] 0.0000] 0.0029] 0.0048] 0.0029 | 0.0067 
34 3i 33 0.0020] 0.0000] 0.0032] 0.0052] 0.0032 | 0.0072 
33 4h 4 0.0021} 0.0000] 0.0035] 0.0056] 0.0035 | 0.0077 
, 4} 44 44 0.0021] 0.0000} 0.0038] 0.0059] 0.0038 | 0.0080 
4 52 5 0.0022] 0.0000] 0.0041] 0.0063] 0.0045 | 0.0085 
54 64 6 0.0024] 0.0000] 0.0046] 0.0070] 0.0046 | 0.0094 
6} Tk % 0.0025} 0.0000]. 0.0051] 0.0076] 0.0051 | 0.010r 
73 8s 8 0.0026] 0.0000] 0.0056] 0.0082] 0.0056 | 0.0108 


*Nore: + denotes clearances or amount of looseness. 


Te StT 
+t x 6 - 
ie iS ' 
SUMMARY OF DATA 
Hole Shaft 
mirtest ft: tt... I.2500 1.2484 0.0016 Allowance 
Beach tin fe I Se. I.2514 1.2470 0.0044 Allowance 
+ Tolerances 
FORMULAS 


When d = mean size, 
Hole tolerance = 0.0013W/d 
Shaft tolerance = 0.0013\/d 
t Allowance An anna AL 
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Taste 4.—Mepium Fir (Crass 3)—Meprum ALLOWANCE 
INTERCHANGEABLE 


For running fits under 600 r.p.m. and with journal pressures less 
than 600 pounds per square inch; also for sliding fits, and the more 
accurate machine-tool and automotive parts. 

(All Dimensions in Inches) | 


Tightest| Loosest | 


Size Limits Pit Bit 
Hole or Shaft or Allow- 
Up to External Internal Allow; |vance + 
RP dad Mes Member Member Se pea 
rom Inclu- ean 
sive ; 
+ = = ae +* 
fo) ¥& } 0.0004] 0.0000] 0.0002} 0.0006} 0.0002 | 0,00T0 
ts ts t 0.0005] 0.0000] 0.0004] 0.0000] 0.0004 | 0.0014 
ts ve } 0.0006] 0.0000] 0.0005] 0.0011] 0.0005 | 0.0017 
fe & 4 0.0006] 0.0000] 0.0006] 0.0012] 0.0006 | 0.0018 
vs ea f 0.0007] 0.0000] 0.0007] 0.0014] 0.0007 | 0.0021 
iH ig i 0.0007} 9.0000] 06,0007] 0.0014] 0.0007 | 0.0021 
q # k 0.0008] 0.0000] 0.0008] 0.0016] 0.0008 | 0.0024 
Ids R 0.0008] 0.0000] 0.0009] 0,0017{ 0.0009 | 0.0025 
Tis igs ry 0.0008] 0.0000] 0.0010] 0.0018] 0.0010 | 0.0026 
rqy 1} rt 0.0000] 0.0000] 0.0010] 60,0010] 0.0010 | 0.0028 
1} 1} 1 0.0009] 0.0000] 0.0012] 0.0021] 0.0012 | 0.0030 
1% It 14 0.0010] 0.0000] 0.0013] 0.0023] 0.0013 | 0.0033 
It 24 2 0.0010] 0.0000] 0.0014] 0.0024] 0.0014 | 0.0034 
24 24 2t 0.0010] 0.0000] 0.005] 0.0025] 0.0015 | 0.0035 
25 2t 23 0.0011} 0.0000] 0.0017] 0.0028] 0.0017 | 0.0030 
ay 34 3 0.0012] 0.0000] 0.0019] 0.0031] 0.0019 | 0.0043 
3t 3} 34 0.0012] 0.0000} 0.002T] 0.0033] 9.0021 | 0.0045 
3t 4+ 4 0.0013] 0.0000] 0.0023] 0.0036] 0.0023 | 0.0049 
44 4t 44 0.0013] 0.0000] 0.0025} 0.0038] 0.0025 | 0.0051 
4t 54 5 0.0014] 0.0000] 0.0026] 0.0040] 0.0026 | 0.0054 
54 64 6 0.0015] 0.0000] 0.0030] 0.0045] 0.0030 | 0.0060 
64 74 7 0.00I5] 0.0000] 0.0033} 0.0048] 0.0033 | 0.0063 
74 84 8 0.0016] 0.0000] 0.0036] 0.0052] 0.0036 | 0.0068 
*NorTeE: + denotes clearance or amount of looseness. 
WWMM, 
Hole H 
Z 
QM 
SumMMARY or Data 
Z Hole Shaft i 
Tightest fit AGE HS ol SERS 3.0000 2.908t 0.0019 Allowance 
LO SESE: LAE the. op stsenin aceon: aap er csceteme oes 3.0012 2.9969 0.0043 Allowance 


+ Tolerances 
_ FORMULAS, 
When d = mean size, 


Hole tolerance | = 0.0008 d 
Shaft tolerance = 0.0008~/d 
Allowance = 0.0009 d? 


TABLE 5.—SNuc Fit (Ciass 4)—ZEro ALLOWANCE 
INTERCHANGEABLE 


SNUG FIT 


This is the closest fit which can be assembled by hand and necessi- 
It should be used where no 
perceptible shake is permissible and where moving parts are not 


tates work of considerable 


intended to move freely un 


precision. 


der load. 


: (All Dimensions in Inches) 
Siz whale Tightest| Loosest 
e Limits Pit Fit 
Allow- 
Hole or Shaft or Allow- | ance + 
Up to External Internal ence aralers 
d Member Member 
From Th Mean ances 
sive 
= BS 4% 
(0) iy iy 0.0003] 0.0000] 0.0000] 0.0002] 0.0000 | 0.0005 
ts ts t 0.0004] 0.0000] 0.0000] 0.0003] 0.0000 | 0.0007 
ts ae 3 0.0004] 0.0000] 0.0000] 0.0003] 0.0000 | 0.0007 
ts 5 4 0.0005] 0.0000] 0.0000] 0.0003] 0.0000 | 0.0008 
ts H f 0.0005| 0.0000] 0.0000] 0.0003] 0.0000 } 0.0008 
# a4 a 0.0005] 0.0000] 0.0000] 0.0004] 0.0000 | 0.0009 
q Te t 0.0006] 0.0000] 0.0000] 0.0004] 0.0000 | 0.0010 
# Dive I 0.0006] 0.0000]' 0.0000} 0.0004} 0.0000 | 0.0010 
Ii 135 1} 0.0006] 0.0000] 0.0000] 0.0004] 0.0000 | 0.0010 
135 1% 14 0.0006] 0.0000] 0.0000] 0.0004] 0.0000 | 0.0010 
1% rf 1% 0.0007] 0.0000] 0.0000] 0.0005] 0.0000 | 0.0012 
1% rt ri 0.0007] 0.0000] 0.0000] 0.0005} 0.0000 | 0.0012 
tt 2k 2 0.0008] 0.0000] 0,0000] 0.0005} 0.0000 | 0.0013 
at 2} 2k 0.0008] 0.0000] 0.0000] 0.0005} 0.0000 | 0.0013 
2% 24 25 0.0008] 0.0000] 0.0000] 0.0005] 0.0000 | 0.0013 
24 3t 3 0.0000] 0.0000] 0.0000] 0.0006] 0.0000 | 0.0015 
3t 3i 34 0.0009} 0.0000] 0.0000] 0.0006] 0.0000 } 0.0015 
3t 4t 4 0.0010] 0.0000] 0,0000] 0.0006] 0.0000 | 0.0016 
4t 4 4% | 0.0010] 0.0000] 0.0000] 0.0007] 0.0000 | 0.0017 
44 5% 5 0,0010] 0.0000] 00,0000] 0.0007] 0.0000 | 0.00I7 
5s 64 6 0.0011| 0.0000] 0.0000] 0.0007] 0.0000 | 0.0018 
67 1 71 0.0011] 0.0000] 0.0000] 0.0008] 0.0000 | 0.0019 
7k 8) 8 0.0012] 0.0000] 0.0000] 0.0008] 0.0000 | 0.0020 
*Notrr: + denotes clearance or amount of looseness. 
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+ 0.0004 
0.2500 269006 


Hole 
(External Member) 


SUMMARY OF DIMENSIONS 


: Hole Shaft 
TISHGEstyit rst. e dae ete eter elaterene 0.2500 0.2500 
Loosest. Bt 23 ao). he a oe ee ak 0.2504 0.2407 

FoRMULAS 


When d = mean size, ay 
Hole tolerance = 0.0006 d 
yf 


Shaft tolerance = 0.0004~/ d 
Allowance 0.0000 


¥00 
0.2500 * 8.9000 


tf 


Shaft 
(Internal Member) 


0.0000 Allowance — 
0.0007 Allowance 
-+- Tolerances | 
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TABLE 6.—WRINGING Fir (Ciass 5)—ZrERo TO NEGATIVE ALLow- 
ANCE SELECTIVE ASSEMBLY 


This is also known as a “‘tunking fit” and it is practically metal- 
to-metal. Assembly is usually selective and not interchangeable. 
(All Dimensions in Inches) 


Tight- 3 
Size Limits est sagsest cath 
sue Fit 1 it 

Hole or Shaft or Alt Allow- uwerase 

Up to External Internal ow- | ance +| Inter- 

raed Member Member ance | Toler- | ference 
From I Mean ances |of metal 

nelu- 
sive = 
a “te at se 

(0) 3b 4 |0.0003}0.0000]0.0002/0.0000] 0.0002] 0.0003] 0.0000 
te ps 4 10 ,0004]0.0000]0.0003/0.0000] 0.0003} 0.0004] 0.0000 
as vs $ ]0.0004]0.0000]0.,0003/0.0000} 0.0003} 0.0004] 0.0000 
qs 3 $ 10.0005|0. 0000/0. 0003}/0.0000] 0.0003] 0.0005] 0.0000 
vs 44 & 10.0005|0.0000]0.0003}0.0000] 0.0003] 0.0005] 0.0000 
i4 BR 4 |0.0005]0.0000|0, 0004/0. 0000] 0.0004] 0.0005] 0.0000 
ra Pad $ |0.0005]0.0000]0.0004/0.0000} 0.0004] 0.0006] 0.0000 
ai Ids I |0.0006|0.0000}0.0004|0.0000| 0.0004] 0.0006] 0.0000 
Ids Iss It |0.0006]0.0000}0.0004/0.0000] 0.0004] 0.0006] 0.0000 
Lists i; Ti |0.0006]0.0000|0.0004]0. 0000] 0,0004| 0.0006] 0.0000 
1? ba I} |0.0007]0.0000]0.0005|0.0000] 0.0005] 0.0007] 0.0000 
bey It 1% 10.0007|0.0000]0.0005]0. 0000} 0.0005] 0.0007] 0.0000 
If 2t 2 |0.0008]0.0000]0.0005]0.0000] 0.0005] 0.0008] 0.0000 
24 2% 2t |0.0008]0.0000]0.0005]0.0000] 0.0005] 0.0008] 0.0000 
2% 2t 24 |0.0008]0.0000]0.0005|0.0000] 0.0005] 0.0008} 0.0000 
24 3t 3. |0.0009}0.0000]0. 0006]0.0000] 0.0006] 0.0000} 0.0000 
3% 3¢ 34 ]0.0009]0.0000]0. 0006/0. 0000] 0.0006] 9.0000] 0.0000 
3¢ 4t 4 |0.0010]0.0000|0.0006]0.0000}] 0.0006] 0.0010] 0.0000 
4t 4¢ 4} |0.0010]0.0000]0.0007|0.0000] 0.0007} 9.0010] 0.0000 
4% 54 § |0.00L0]0,0000]0.0007}0.0000}] 0.0007] 0.0010} 0.0000 
54 6+ 6 |0.0011]0.0000]0.0007|0.0000] 0.0007] 0.0011] 0.0000 
6% 74 7 |0.00TI}0.0000]/0.0008]0. 0000] 0.0008] 0,00I1I| 0.0000 
vay 8t 8 |0.001T2/0.0000]0,0008|0.0000] 0.0008] 0.0012] 0.0000 
* — denotes interference of metal or negative allowance. + denotes 


clearance or amount of looseness, 
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+0.0005 
0.6250 ~ 6.0000 


+0 0003 
0.6250 0 0000 


Hole Shoft 
External Internal 
Member Member 


SUMMARY OF DIMENSIONS 


: Hole Shaft 
Tighitest: G16 erie etary obdeieiasy ssh meiCieh 0.6250 0.6253 —0.0003 
Laosest, fit ssc, casa < teecrrory oly chebeaeviae, Oo 0.6255 0.6250 +0.0005 
Selected) titi casa bpverers she ol Aeleere eer 0.6250 0.6250 0.0000 
FORMULAS 


When d = mean size, 
Hole tolerance = 0.0006~/d 
Shaft tolerance = 0.0004~W/d 
Average interference of metal = 0.0000 
The average interference of metal is the desired condition and must be 
otained by selective assembly, that is, by mating large shafts in large holes 
and small shafts in small holes. 
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TABLE 7a.—Ticut Fir (Ctass 6)—Siicut NEGATIVE ALLOWANCE 
SELECTIVE ASSEMBLY 


Light pressure is required to assemble these fits and the parts are 
more or less permanently assembled, such as the fixed ends of 
studs for gears, pulleys, rocker arms, etc. These fits are used for 
drive fits in thin sections or extremely long fits in other sections, 
and also for shrink fits on very light sections. Used in automotive, 
ordnance and general machine manufacturing. 

(All Dimensions in Inches) 


Tight-] 7‘ 
Stes Teimits ae Loosest |Selected 
Fi Fit Fit 
1 

Hole or Shaft or 1 Allow- |Average 

Up to External Internal |Allow-| ance + | Inter- 

aad Member Member ance | Toler- | ference 

From s araiee Mean ances jof metal 

sive 
ate ate ae Sat 4 eat 

(o) as 4 |9.0003]0.0000]0.0003]0.0000]0. 0003] +0.0003] 0.0000 
ts Ye 4 19,0004]0.0000]0,0005/0.0001]0. 0005] +0.0003| 0.0005 
vs ts $ |0.0004|0.0000]0.0005]0. 0001/0.0005| +0.0003] 0.0001 
xs as 4 |0.0005]0.0000]0. 0006/0. 0001/0. 0006} +-0.0004] 0.0001 
vs 44 § 10.0005|0.0000]0. 0007/0. 0002/0.0007| +0.0003}] 0.0002 
# 4 10.0005]/0.0000]0.0007/0.0002}0.0007| +0.0003| 0.0002 

a]  |o.0006]0.0000]0. 0008]0. 0002/0. 0008] +0.0004] 0.0002 

48 Ives r |0.0006|0. 0000/0. 0009|0.0003]0.0000| +0.0003] 0.0003 
Is Ix Ik ]0.0006]0. 0000/0. 0000|0.0003}0. 0009] +0.0003] 0.0003 
igs 1% I} ]0.0006/0.0000]0.0000|0.0003]0. 0009] +0.0003] 0.0003 
1h If Ik |o.0007]0.0000]0. 0011/0. 0004/0. 0011] +0.0003] 0.0004 
1% It 1% |o.0007]/0. 0000/0, oor 1|0. 0004/0. 001T| +0.0003] 0.0004 
It 2k 2 |0.0008]0.0000|0.0013]0.0005|0. 0013] +0.0003] 0.0005 
2h 24 24 |0.0008]0.0000|0. 0014/0. 0006]0. 0014] +-0.0002] 0.0006 
2% at 24 |0.0008|0.0000|0. 0014/0, 0006]0, 0014) -++0.0002] 0.0006 
2t 3t 3  |0.0009|0.0000]0. 0017/0. 0008]0.0017|+0.0001| 0.0008 
3t 32 3} |0.0009]0.0000]0. 0018]0. 0009/0. 0018] —0.0000} 0.0009 
3i 44 4 |0.0010]0.0000]0.0020]0. 00L0}0 0020] —0.0000] 0.0010 
At 4h 4} |o.0010|0.0000]0. 002T/0. 0011|0.0021]—0.0001| 0.0011 
4t 55 5 |0.00r0]0. 00000. 0023]0. 0013|0.0023] —0.0003] 0.0013 
54 64 6 |0.00r1]0.0000]0.0026|0.0015}0.0026| —0.0004] 0.0015 
64 74 7 |0.00r1|0.0000|0.0029]0.0018]0.0029| —0.0007| 0.0018 
a4 84 8 |0.0012|0.0000]0.0032]/0.0020]0.0032| —0.0008] 0.0020 
* — denotes interference of metal or negative allowance. + denotes 


clearance or amount of looseness. 
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Steel 


Sscee thee 

forsee +9.9008 
Ss 

0.7500 *§ 3555 


nsa-----------+| 


Cust 
Iron Hole 
i Hole Shaft 
i, Reo d nh ches Ral Po BOP APOE ION Na Ss Utell te 0.7500 0.7507 —0.0007 
oosest fit». ish Oot dase wee testes 0.7505 0.7502 +0.0003 
fSelected ht. se hoe. sam aoe ere 0.7500 0.7502 —0.0002 
+S elected fit. «sais uitekie aoe bene 0.7505 0.7507 —0.0002 


Hole stress = 2,608 pounds per square inch. 
Force for pressing = 4 X 0.149 = 0.075 ton 
+ Small shaft in small hole. 
t Large shaft in large hole. 
FoRMULAS 
When d = mean size, w 
Hole tolerance = 0.0006V/ d 
Shaft tolerance = 0.0006~W/ d 
Average interference of metal = 0.00025 d 
The average interference of metal is the desired condition and must be 
obtained by selective assembly, that is, by mating large shafts in large holes 
and small shafts in small holes. 
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522 MEASURING AND FITTING 


TaBLE 8a—Mepivum Force Fir (Ciass 7)—NEGATIVE ALLOWANCE 
SELECTIVE ASSEMBLY 


Considerable pressure is required to assemble these fits and the parts are 
considered permanently assembled. These fits are used in fastening locomo- 
tive wheels, car wheels, armatures of dynamos and motors, and crank disks 
to their axles or shafts. They are also used for shrink fits on medium sections 
or long fits. These fits are the tightest which are recommended for cast-iron 
holes or external members as they stress cast iron to its elastic limit. 


(All Dimensions in Inches.) 


Size Limit eeb= | Legeee mesic 

Fit it it 
Up to Hole or Shaft or Allow- aeeeee pee 
and | a1 External Internal ance | Toler- | ference 
Prom Tnclu-|*'¢2n} = Member Member ances |of metal 

sive ats oe aT __ * * _ * 
oO es 2]0.0003]0, 0000/0. 0004/0.0001]0.0004|+0.0002] 0.0001 
ae ae} 3/0.0004|0.0000]0.0005|0. 0001}0.0005|-++ 0.0003} 0.0001 
a5 qs $|0.0004/0.0000]0.0006]0.0002|0.0006]+ 0.0002] 0.0002 
rl Oi $10. 0005}0.0000]0. 0008]0.0003]0.0008]+ 0.0002] 0.0003 
as 4 $]0.0005|0.0000/0.0008|0.0003}0.0008|+ 0.0002] 0.0003 
44 5 $]/0.0005]0.0000]0. 0009/0. 0004|0.0009]+0.0001] 0.0004 
# Hi $]0.0006]0. 0000]0.. 0010/0. 0004/0. 0010] +0.0002] 0.0004 
ety Tas I |0.0006/0,0000]0, 0011/0, 0005|0.0011|-+ 0.0001] 0.0005 
Ids Ie I4]0.0006/0.0000]0.0012/0.0006]0.0012]| 0.0000] 0.0006 
ids 13 14]0.0006]0.0000]0.0012/0.0006/0.0012} 0.0000] 0.0006 
1% 1% I$|0.0007]0.0000]0,0015/0.0008]0.0015|— 0.0001] 0.0008 
14 1% I¢|/0.0007]0.0000]0. 0016]0, 0009/0. 0016] —0.0002] 0.0009 
It 24 2 |0.0008]0. 0000]0.0018]0.0010|0. 0018] —0.0002] 0.0010 
24 23 24/0.0008]0.0000]0. 0019]0. OOTI]0. 0019] — 0.0003] 0.0011 
23 ZF 23|0.0008]0.0000]0,0021/0.0013]0.0021|—0.0005] 0.0013 
23 34 3 |0.0009]0.0000]0.0024]0.0015|0.0024]— 0.0006} 0.0015 
3t 32 3}]0. 0009/0. 0000]0.0027/0. 0018/0.0027]| —0. 0009] 0.0018 
32 4t 4 |0.0010|0.0000/0.0030|0.0020/0.0030|—0.0010] 0.0020 
4} 42 4}]0. 0010/0. 0000]0..0033|0.0023/0.0033| —0.0013] 0.0023 
4t 53 § |0.0010]0. 0000/0. 0035|0.0025|0.0035]}—0.0015| 0.0025 
53 64 6 10. 0011/0.0000]0.0041/0.0030/0.0041|— 0.0019] 0.0030 
64 a4 7 |0.0011]0.0000]0, 0046}0,0035]0, 0046] — 0.0024] 0.0035 
14 84 8 |0.0012/0.0000/0. 0052/0.0040]0.0052|— 0.0028] 0.0040 
8} OF 9 |0.0012]0.0000]0.0057}0.0045/0.0057] — 0.0033] 0.0045 
ro4 11} IO |[0.0013}0.0000]0. 0063}0.0050]0.0063] — 0.0037} 0.0050 
11} 13 I2 ]0.0014]0.0000|0.0074|0.0060]0.0074] 0.0046] 0.0060 
13 15 I4 |0.0014]0.0000]0.0084|0.0070]0.0084] — 0.0056] 0.0070 
15 1G | I6 |0.0015}0.0000]0. 0095/0. 0080]0.0095| — 0.0065] 0.0080 
17 19 I8 |0.0016]0.0000|0. 0106]0. 0090/0. 0106] — 0.0074] 0.0090 
19 22 20 |0.0016]0.0000]0. 0116]0. 0100/0. 0116] — 0.0084] 0.0100 
22 26 24 |0.0017]0.0000]0.0137/0.0120/0.0137|— 0.0103] 0.0120 
26 30 28 |0.0018/0.0000/0.0158]0.0140]/0. 0158] — 0.0122] 0.0140 
30 34 32 |0.0019|0. 0000/0. 0179|0.0160/0.0179|—0.0141| 0.0160 
34 38 36 |o.0020]0.0000]0.0200]0.0180]0.0200]— 0.0160] 0.0180 
38 44 40 |0.0021/0.0000]0.0221]/0.0200]0.0221|— 0.0170] 0.0200 
44 52 48 |0.0022]0. 0000/0 .0262/0.0240|0.0262|—0.0218] 0.0240 
52 60 56 |0.0023]0.0000]0.0303]/0.0280]0.0303] —0.0257| 0.0280 
60 68 64 |0.0024]0.0000|0.0344]/0.0320]0.0344] — 0.0206] 0.0320 
68 76 72 |0.0025|0.0000/0.0385]0.0360]0.0385|/—.0.0335] 0.0360 
76 88 80 |0.0026]0. 0000|0.0426]0 ,0400]0. 0426] — 0.0374] 0.0400 
88 104 96 }0.0027|0. 0000]0.0507|0.0480]0.0507| — 0.0453] 0.0480 
104 I20 IL2 |0,0029|0.0000]0.0589]0.0560|0.0580]— 0.0531] 0.0560 
120 136 128 !0.0030!0.0000!0.0670!0.0640!0.0670!— 0.0610! 0.0640 


* — denotes interference of metal or negative allowance. + denotes clear- 
ance or amount of looseness, 


FORMULAS FOR FITS 523 


Steet Shaft 
= 
1.9585 “door 
19375 13000 
Cast ron (ee Hole 


Hole Shaft 
Mi aReSUNib cs tie cts Siete ow vi cceielinta siete, c (eis oe 1.0375 1.9393 —0.0018 
TZGOSESt aH triers acs ayera waretova a AOS aOROSE 1.9383 1.9385 —0.0002 
SOIC CLCOMIME tyern sis) is: oc oisareatecsfeas ie eieielas 1.9375 1.9385 —0,0010 
Melected titer oy sence sence ne ote wens 1.9383 1.9393 —0.0010 


Hole stress = 5,216 pounds per square inch. 
Force for pressing = 3 X 0.747 = 2.241 tons, 


FoRMULAS 


When d = mean size, 
Hole tolerance = 0.0006 , _ 
Shaft tolerance = 0.0006*/d 
Average interference of metal = 0.0005d. 


The average interference of metal given is the desired condition and must 
be obtained by selective assembly, that is, by mating large shafts in large 
holes and small shafts in small holes. 

For hole and shaft tolerances, the same formulas were used for sizes larger 
than 8 inches, although no data were available for these diameters. 
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SUMMARY OF DIMENSIONS 


; Hole Shaft 
Tightest fit 56.0000 56.0583 —0.0583 
Lodsest at et test he atone eater ee 56.0023 56.0560 —0.0537 
tSelected fit. .. 56,0000 56.0560 —0.0560 
56.0023 56.0583 —0.0560 


tSelected fit : 
Hole stress = 29,000 pounds per square inch, 


+ Small shaft in small hole. 

t{ Large shaft in large hole. 

FORMULAS 
When d = mean size, 
Hole tolerance = 0.0006 Vd 
Shaft tolerance = 0.0006*~/d 
Average interference of metal = 0.001d. 

The average interference of metal given is the desired condition and must 

be obtained by selective assembly, that is, by mating large shafts in large 


holes and small shafts in small holes. 
For hole and shaft tolerances, the same formulas were used for sizes larger 


than 8 inches, although there was no data available for these diameters. 


to its elastic limit. 


SHRINK FIT 


Taste oa.—Hnavy Force AND SHRINK Fir (CLAss 8)—ConsiDER- 
ABLE NEGATIVE ALLOWANCE SELECTIVE ASSEMBLY 


These fits are used for steel holes where the metal can be stressed 
These fits cause excessive stress for cast-iron 
holes. Shrink fits are used where heavy force fits are impractical, 
as on locomotive wheel tires, heavy crank disks of large engines, etc. 
(All Dimensions in Inches) 


—<—— a eeeeSsS 


Tight- Loosest 


Dad 


4 aM Selected 
Size Limits est Pit Fit 
Fit 
Hole or Shaft or Allow- net eee 
Up to External Internal % 
weital Wlamber Wie ber ance toler- | ference 
From | ticlu- Mean ances |of metal 
sive 
=r al ae ae ss =e 
Se a eee le eS 
(0) v5 1J0.000310.0000|0.0004|0.0001)0.0004|+-0.0002| 0.0001 
ts 16 310. 0004/0. 0000]0.0007|0, 0003/0.0007|+0.0001] 0.0003 
i 1 810.0004)0. 000010. 0008/0.0004|0.0008| —0.0000) 0,0004 
5 5 4}0,.0005|0.0000]0.0010|0.0005/0.0010] 0.0000) 0.0005 
to ts £10,0005|0. 0000/0. 0011|0.0006/0. OOrI|—0.0001| 0.0006 
44 a3 310 .0005|0.0000]0.0013]0.0008]0 0013] —0.0003} 0.0008 
4B 8 $|0. 0006/0, 0000]0. 0015]0. 0009/0. 0015] —90.0003) 0.0009 
ae Iz I 10.0006|0. 0000/0. 0016/0. 0010}0, 0016] —0.0004| 0.0010 
Ids Lis I#]0.0006]0.0000/0. 0017/0. 0011J0.0017|—0.0005} 0.001T 
1 1} I4]0.0006]0. 0000/0. 0019|0.0013}0.0019| —0.0007} 0.0013 
1% 1% 1410.0007]0. 0000|0.0022]0.0015|0.0022|—0. 0008] 0.0015 
rg It t4l0.0007]0, 0000|0.0025|0.0018]0,0025|—0. 0011] 0.0018 
1% 2g 2 |0.0008|0.0000/0.0028/0.0020]0,0028| —0.0012| 0.0020 
2h 2% 21/0.0008]0. 0000/0 .0031}0.0023|0.0031}—90.0015| 0.0023 
2% at 2410..0008|0. 0000|0. 0033/0. 0025|0.0033}—9.0017) 0.0025 
2% at 3 |0.0009]0. 0000|0.0039|0. 0030/0. 0039] —0.002T| 0.0030 
3t 3% 3}|0.0009|0. 0000|0..0044|0.0035]0.0044| —0.0026] 0.0035 
3t 4t 4 |0.0010]0.0000]0.0050|0.0040]0.0050] — 0.0030] 0.0040 
44 44 4310. 00100. 0000]0.0055]0.0045]0.0055] — 0.0035} 0.0045 
4i 54 5 |o. 0010/0. 0000/0. 0060]0.0050]0 ,0060| — 0.0040} 0.0050 
53 64 6 |o.00rr1]o.0000/0.0071|0.0060]0. 0071] —0.0049] 0.0060 
6 14 7 lo.0011]0.0000|0. 0081|0.0070]0.0081] —9.0059} 0.0070 
71k 8h 8 |o.0012|0. 0000/0. 0092/0. 0080]0. 0092 —0.0068] 0.0080 
83 9% 9 0.00120. 0000]0. 0102/0. 0090]0.0102| —0.0078) 0.0090 
10} rr} ro }o.0013]0.0000|0. or 13|0. OL00]0. 0113] —0.0087] 0.0100 
11d 13 12 |o.00r4]o.0000|0.0134|0.0120]0.0134{—0. 0106] 0.0120 
13 15 14 |0.0014|0.0000]0.0154]0.0140]0.0154 —0.0126| 0.0140 
15 17 16 |0,0015|0, 0000/0. 0175|0. O100|0.0175|—0.0145| 0.0160 
17 19 18 ]o.00r6]o. 0000/0. 0196]0. 0180]0. 0196] —0.0164] 0.0180 
19 22 20 10.0016|0.0000|0. 0216/0. 0200/0. 0216] —0.0184] 0.0200 
22 26 24 |0.0017}0.0000|0.0257|0.0240]0 0257) —0.0223] 0.0240 
20 30 28 10.001810.0000|0.0298|0.0280]0 0298] —0.0262} 0.0280 
30. 34 32 |0. 00100. 0000]0 .. 0339]0 .0320]0 . 0339] — 09,0301] 0.0320 
34 38 36 |o0.0020|0.0000]0. 0380]0.0360 0.0380] —0.0340] 0.0360 
38 44 40 |0,0021|0.0000]0.0421|0 .0400]0.0421|—0.0379 0.0400 
44 52 48 |0.0022]0.0000/0.0502 0.0480|0.0502]—0.0458] 0.0480 
52 60 56 |0.0023/0.0000/0.0583|0.0560 0.0583] —0.0537| 0.0560 
60 68 64 |0.0024|0.0000]0.0664}0.0640]0. 0664 —0.0616] 0.0640 
68 76 72 |0.0025|0.0000|0.0745]0.0720]0.0745 —0.0695| 0.0720 
76 88 80 |10.0026|0. 0000/0. 0826]0. 0800/0, 0826] —0.0774 0.0800 
88 104, 96 |0.0027/0. 0000/0. 0987]0.0960]0. 0987] — 0.0933 0.0960 
104 120 II2 0.0029]/0.0000|0.T149|O.1T20)0. 1149 —0O.I00I] 00,1120 
120 136 128 |0.0030/0.0000]0. 1310/0. 1280]0. 1310] —0. 1250 0.1280 
* — denotes interference of metal or negative allowance. +> denotes 


clearance or amount of looseness. 
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EXPLANATORY NOTES 531 


Explanatory Notes 


Tn the table reproduced below many of the terms in common use 
in the shops of the country are given with the equivalent term 
which this Committee’s report recommends: 


Greatest ehtness | ase all common 

Tighest fit terms, Which have ALLOWANCE 
pacers the same meaning : S 

Neutral zone bedats 

Maximum metal 

Least tightness Are all common 

Greatest looseness terms which have GENTS 

Loosest fit the same meaning : 

Minimum metal as— TOLERANCES 


Difference between larg- 
est and smallest per- 
missible size of either Nowy, 
members. Variation in 
the size allowed 


Cae TOLERANCE 


The basis for the foregoing recommended allowances and toler- 
ances is a classification of fits quite commonly known to the manu- 
facturing public. Interference between mating parts takes place 
at the exact basic value of the dimension; hence an accepted pair of 


‘mating standard gages become the ‘‘go” gages for mating parts 


which will prevent interference at the basic value of the dimension. 

On account of the lack of ¢ uniform and acceptable method of 
measuring the fitting surfaces of the external members of a pair 
of mating parts, it is recommended that plugs, blocks, disks and 
rods govern the checking of external members for the reason that 
usually the same measuring device wil) check for accuracy both the 
internal member and the gage for the external member, thus 
avoiding an interference when both members appear to have the 
same dimension. 

To illustrate: If a 2-inch hole be measured with an inside microm- 
eter and a shaft be measured with an outside micrometer, and 
both measure exactly 2 inches, there is no assurance they will go 
together; but, unless there were a definite understanding in a con- 


_ tract, the pieces might be ruled acceptable by law. If, however, the 


} 


2-inch hole would receive a plug gage which measured exactly 2 
inches by a measuring machine, it would also receive an accurately 


- finished shaft of the same size when measured by the same machine. 


It is well known that a correct pair of plug and ring gages 2 inches 
in diameter will each check parts that will go together. It is also 
well known that the character of fit depends on the rotundity, 
parallelism, size and, in some cases, contour of the mating parts, 
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and that for cylindrical fits in mating parts, plug and ring gages are 
the only sure means of determining whether or not parts will go 
together. If either member of a pair of mating parts is three- or 
five-cornered, a snap gage or micrometer will not insure their going 
together. 

In the foregoing allowances and tolerances, the best practice 
available was considered, and where differences occurred a compro- 
mise was attempted. The tolerances on holes apply only to reamed 
holes, or holes having a finish equivalent to reaming. From the 
standpoint of satisfactory performance, the tightest and loosest fits 
permissible are the all-important considerations. From a manu- 
facturing standpoint, tolerances are the important factors. Hence 
both the tightest and loosest fits permissible must combine the 
tolerance and allowance, and therefore both allowance and tolerance 
must be considered for all-around satisfactory conditions. 

It is not deemed to be feasible to include in this report allowances 
and tolerances which will apply to all work. In the industries 
many so-called standard fits are made which are not interchangeable, 
and an attempt to make them so would be prohibitive in cost. 
These fits, however, must be made on a production basis, and it 
is believed that the tables here given will be found to contain 
allowances and tolerances which are suitable for most work, even 
if some selection or individual fitting of parts is desired. 

In choosing the class of fit for manufacture, the engineer should 
keep in mind that cost usually increases proportionately to the 
accuracy required, and no finer class of fit should be chosen than 
the functional requirements actually demand. It is axiomatic 
that the closer the fit the smaller the manufacturing tolerance, and 
usually the greater the cost. The length of engagement of the fit 
also plays an important part in the selection of the class of fit for 
a piece of work. It is obvious that a long engagement will tolerate 
more looseness than a short one, and due regard should be paid 
to this feature. 
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MAKING PRESS FITS 
A formula for finding the pressure, in tons, required for forcing 
together mating parts having various allowances is: 
aE 
2 


P= 


A fotmula for the allowances required to force mating parts 
together at certain pressures, in tons, is: 


= 2P 

AL 

Tn both formulas, A is the area of contact of the parts, in square 
inches; a is the total allowances of size, in inches; P is the pressure, 


in tons, required to force the parts together; / is the pressure factor 
given in the accompanying table. 


a 


Diameter of Pressure Diameter of Pressure 
Work, Inches Factor Work, Inches Factor 
t 500 5 QI 
13 325 6 75 
2 240 7 64 
ok 189 8 55 
3 156 9 48.7 
32 132 te) 43-5 
4 IIs IL 39-3 
43 IOL U2 35-9 


Exampitre—To find pressure required to force a 3-inch bar into 
a hole 3 inches long with an allowance of 0.003 inch or 0.001 per inch 
of diam. Circumference is 9.42 inches X length of 3 inches = 
28.26-square inches area of contact. The factor for a 3-inch hole is 
28.26 X 0.003 X 156 

2 
To find allowance necessary to require a given pressure use second 
formula. Assume ro tons is desired for the same parts as before. 
2 X 10 


Wigs eae 0.0045 inch allowance. 


156, so the formula is P = = 6.61 tons. 


A. S. M. E. SPECIFICATIONS FOR PLAIN LIMIT GAGES 


The following specifications are for the purpose of establishing 
‘definite limits for plain limit gages rather than for the purpose of 
specifying the gages required for the various inspection operations. 

Gages are classified according to accuracy into Classes X, Y and 
Z, the Class X being the closest to the extreme limits. The toler- 


} 
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ance limits on Classes Y and Z ‘‘go” gages are placed inside of the 
extreme product limits to provide allowance for wear of the gages. 
The tolerances on all ‘“‘not go”’ gages, however, are applied from the 
extreme product limit as the starting point, as no allowance fot 
wear is necessary. ‘The selection of gages from among these classes 
for use in the inspection of product depends entirely upon the speci- 
fications for the product. For example, Table 4, page 514, in the 
production of parts to Class 3, Medium Fit Specifications, Class X 
gages may be required forall purposes. For parts made to Class 1, 
Loose Fit Specifications, Class Z gages may be satisfactory for al 
purposes. 

Gages should be tested periodically for wear and to insure that 
they are properly distributed. When successive inspections in the 
same plant are involved, it is good practice to inspect all gages of 
the same nominal size against each other periodically, and te 
distribute these gages so that the earlier inspections are made of 
those which are the greatest amount inside of the component limits, 
while the later inspections will be made of those which are closest 
in size to the component limits. “Go” gages may be permitted 
to wear to the extreme product limits. It is purely a question of 
economy as to when the “not go” gage should be discarded. 
Continued use reduces the available working tolerance on the 
product, and the resulting loss must be balanced against the cost 
of a new gage. 

Plain plug gages of 14-inches and less diameter should be made 
with plug inserted in the handle and securely fastened. Plain 
plug gages of more than 14-inches diameter should have the gaging 
blank so made as to be reversible. The ‘‘not go”’ plain plug gage 
should be distinguished from the ‘‘go” gage by having it noticeably 
shorter, 

Ring gages—both “go” and “not go”’ should, if made circular, 
have their outside diameters knurled. The “not go” ring should 
be distinguished from the “Go” ring by being noticeably thinner. 

Snap gages may be either adjustable or non-adjustable. It is 
recommended that all snap gages up to and including $ inch be of 
the built-up type. Sufficient clearance in the depth of the gage 
should be provided to permit the gaging of cylindrical work. 

Snap gages for measuring lengths and diameters may have one 
gaging dimension only, or may have a maximum and minimum 
gaging dimension, both on one end, or on opposite ends of the 
gage. When the maximum and minimum gaging dimensions are 
placed on opposite ends of the gage, the maximum or “go” end of 
the snap gage should be distinguished from the minimum or “not 
go” and by having the corners of the gage on the “go” end notice- 
ably chamfered. 

Dimensions recommended for plain plug, ring and snap gages are 
as follows: } 
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SINGLE-END PLtuc GAGES 


Turn groove on handle of “‘not go” gages only for identification. 
(Dimensions in Inches) 


Size of Hex 


Nominal Size 
B (o 
H 1 
Over | To Boe 
ale a 1 Bite 1 
16 8 4 16 4 


Nominal Size a 
B C Size of Hex 
Handle 
Over | To 
1 age g 1 Bee Fi 
8 16 8 4 2 8 
3 1 1 5. oi 3 
16 4 2 16 2 8 
Nominal Size z 
A B C Size of Hex 
Handle 
Over | To 
1 153 5 a mi 3 
4 i : : : : 
Y i ' ea ie is ; 
- : : : s ; 
2 3 oy i Beh 8 
8 4 Tg 4 32 8 
3 15 1 5 a 5 
is % a : oy ; 
16 Ta. Ig a + s 
if 2 rf : 4 ; 
2 at 13 i 43 Iz 
1 3 a 1 1 
22 3 14 4 42 ig 
7 3 3 
3) 4 Ig 4 5 Ts 
4 5 2 4 5 Ts 
5 6 2 n 5 Ig 
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DousitEe-ENnp PLuc GacEs 
(Dimensions in Inches) 


Nominal Size i 
a ri 3 C Size of Hex 
But | To andle 
i 1 3 2 
16 4 16 ‘A i 
Bi a 1 aoe 2 + 
is a 4 16 4 
inal Si 
Nominal Size i = C Size of Hex | 
aoe | aa Handle 
1 3 3 1 a 3 
3 16 8 G a 3 
“3 1 1 aoe a5 3 
6 rt 2 16 2 5 


Nominal Size — : 
f Size of Hex 
A B c Handle 
Over To 
1 5 8 8 of 3 
e rf : : : : 
16 8 4 2 3 2 
3 a at 1 o*2 
i : : i i ; 
5 
2 8 I 2 32 8 
5 3 1 2 1 5 
8 4 Ig 2 32 8 
3 A5& ahs 5 1 5 
is # i ; He i 
16 12 1g 4 4 8 
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RING GAGES 


io oe ko ao. 
S rie Pokecks  wronkertt AEHER Secas Seow 
AAAT AAAT MMMM MMMM MMMM 


9 colmteeiteatet  eitenttenieet oii eoromes sorbose Ma 
HHH 


Fern Heat eats tS niet cke 


A 


Se HHHH HHH HHH HHH HEH 
= 
= 
e fe fe re 
NS —~ [eS | 0 | Ree Be oo Raarttoe reeett eye es Bites 
aio] & HHHH HHH HHH ANNAN AAA 
o = 
Lo} (ss) 
5s S.) Se 
BS HB] Seta tte te eet eB atlh 
Oe (o) 5 HHHH HHHH HHHH ANNAN Aaan 
<5 4 
Og 
oO 9 orerion ee Pete) ketanserin. mee Hes 
ZA S H> HH RH HHHH HHHH HHARA 
q 
i= 
anne S anes | xs 
A isa) a et a ee fFS413 iol kenneth Sa wlzors|eorsfeo esi 
~~ 
= of acettcoko Beenie oS inloetonta ohana Reasees 
4 
Feria “leek eres Aeertiete  einpornts ee re 


eH HHH 


To 


oe PO Oe Sh mt bw Sar 


HH HH 


Nominal Size 


Over 
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Snap GAGES FOR DIAMETERS 


conveniently be used 


Where standard adjustable gages cannot 


(Dimensions in Inches) 


Nominal Size 


e3|o0 


UpM tote pene a tcctoe 


is) 


Nominal Size 
To 


Over 


etearo eet aH itt it itt 


ridin ioe ile eiieaeit ait 
HH HNAMMAATMHM 


Ap oo\s|oo lH a0 |< ]00 | Heojon eajeae|oo 
HHANAANAAMMNMMM 


apjaoin|oo Hleo cojan eajoown|ao joo [00 |Henio0. 
HHHHHHANAA 


(99)2062}001n]00 [00 19] a0 1/00 C9) HCD] eH OD] eH OD) HOH ODI 


alteo|con|oo t~jo0 jan cp/c019|00 Alico 
HHHANNAM™M 


A100 [se e9]a0um|00 E[c0 ja e>|00K=|/90 raltrsienca|H 
HRHRANANAN 
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SNAP GAGES 


Snap GAGES FOR LENGTHS 


Where standard ad 


ages cannot conveniently be used 


g 
(Dimensions in Inches) 


ustable 


j 


Io 
S Pee ee aPreo met ore Saar ere Sep eae er 


Ailoarcs cae col tea} sical en| teas cob ona ca| et en}tfo fam Bf20 +20 20 men rafan mlco ea0e2|20.03)20¢0}40 
HHHHH HHH HHH HR HH HANAN NANA 


Ro eas bts a ts a nc ta et 


ofefbebel teeta telaeealedealelaetelecelteeededs 


lo sfc ee shel et i a meet et at c0|a0 02) enfan cnjanijan eanio|an \a20 ~[c0%~|20 feo 
HHHHHHH HR HHH HH RRR 


eho fSeSeerlerlerfoeeekeefeefelsrefereleeBeeeleeBeEHeye 


I> ll ule, psf local sl rch ucler nhl ral SralDrchOvle 
So ec RC este Seloelelaleeleelseleelaeineleele 


HHI HINO riot iRiver ristriisserit  rlteles 
HHHANAMMMSTTTMHMMMOOOCO RED 


plex io lap snjono|a0 1o|s0 njenxe|soinjan injeors|aoinfaoro)s0 ca) tea teola evi HM Histetitihe 
HHHHHRHHHHH HHH HAAN NINN 
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TOLERANCES FOR PxAin Pruc, Rinc, anp SNAP Gacrs 


“ ” 


Tolerances for ‘‘go’’ gages a Tolerances for 
. f lass Z “not go" 
Size of { 
Fry Class X Class Y gages 
inches ta aS = ir =a 
Limits, | Tol., | Limits, | Tol., | Limits,| Tol., Limits, | Tol., 
inch inch inch inch inch inch inch inch 
0-2 incl. | 0.0000/0,0001] 0.0001/0.0001] 0.0002]0.0001| 0.0000/0.000 
7 es @rO0p2lhs rs 0.0003]...... ©; Q00L).....5 
2-4 0.0000]0.0002| 0.0001/0.0002| 0.0003/0.0002| 0.0000|0.000; 
(0 ace) of | a GOODS ci. 2/2 ein 0.0005]... 045 0.0002]..... 
4-6 0.0000|0.0003} 0.0002|0.0003] 0.0005|0.0003|.0.0000]0 .000; 
QNODO3) 4: fens O. ODDS | ro rapor o> 0.0008]...... 0.0008]..... 
6-8 0.0000]0.0004| 0,.0003]0.0004} 0.0006|0.0004}| 0.0000]0.000, 
OHOOOA) ini ces 0007) a.t78 5 0: /OOODNE . an ae 0.0004|..... 


GRINDING LIMITS FOR CYLINDRICAL PIECES 


It is Brown & Sharpe practice to consider the hole as bein; 
standard, and the limits shown below are based on the standar< 
hole. ‘The grinding limits for holes apply to hardened pieces 
The holes in soft pieces are chucked to standard diameter. It i 
possible that where both parts are hardened, closer limits may b: 
necessary, assuming the parts are to be assembled without fitting. 


RUNNING FITS—-ORDINARY SPEEDS 


These limits are satisfactory for shafts running under 600 R.P.M 
and under ordinary working conditions. Spindles for all purpose 
are to be considered as special cases. 


To 43-inch diameter, inc.......... ©.0005 to 0.001 Sma! 
To, z-inchidiameter; inc. ...).¥.a). 0. 0.00075 to 0.0015 Sma! 
To 2-inch diameter, inc.......... 0.0015 to 0.0025 Sma! 
To 33-inch diameter, inc......... 0.002 to 0.003 Sma! 
To 6-inch diameter, inc.......... ©.0025 to 0.004 Sma! 


RUNNING FITS—GHIGH SPEED, HEAVY PRESSURE AND ROCKER SHAFT 


These limits are satisfactory for shafts running more than 60 
R.P.M. and where the working conditions are severe. Spindles fo 
all purposes are to be considered as special cases. 


To 34-inch diameter, inc........ .. ©,0005 to 0.001 Sma 
To r-inch diameter, inc.......... ©.001 to 0.002 Sma_ 
To 2-inch diameter, inc.......... 0.002 to 0.003 Sma 
To 33-inch diameter, inc......... 0.003 to 0.004 Sma 
To 6-inch diameter, inc.......... 0.004 to 0.005 » Sma) 


SLIDING FITS 
These limits are for shafts where a gear, clutch or other simila 
part slides on it continuously while the machine is in operation 
These limits are the same as for “Running Fits, Ordinary Speeds. 


To }-inch diameter, inc.......... 0.0005 to 0o.cor Sma 
To 1-inch diameter, inc......... ©.00075 to 0.0015 Sma 
To 2nch diameter, inc..5 .-.:.: ©.001§ to 0.0025 Sma) 
To 33-inch diameter, inc......... 0.c02 to 0,003 Sma 


To 6-inch diameter, inc... ...... 0.0025 to 0.004 Sma) 
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STANDARD FITS—-WHERE THE LOAD IS NOT HEAVY AND WHERE THE 
PART IS KEYED TO THE SHAFT AND CLAMPED ENDWISE WITH A NUT 


These limits are suitable for light service only and where no 
fitting is to be done. 


Do s-nch diameter, inc... .....-». Standard to 0.00025 Small 
Mo. 2%-ich' diameter, Inc... ...-. . Standard-to 0.0005 Small 
Wo O-mch diameter, inc. .'....5... Standard to 0.00075 Small 


These limits are to be used where it is desirable or essential that 
the parts fit together without play, and still be put together or 
taken apart without difficulty. Some fitting may besrequired and 
also some selecting may be necessary to attain the proper results. 


To gainch diameter; inc: 5) .\.yav: Standard to 0.00025 Large 
To 33-inch diameter, inc........ Standard to 0.0005 Large 
To 6-inch diameter, inc.......... Standard to 0.00075 Large 


DRIVING FITS 


For use where parts must fit tightly and where the location of the 
parts is such that they could not be put together if the drive was 
too great. These limits will apply where the assembly is permanent. 


To 4-inch diameter, inc.......... Standard to 0.00025 Large 
Dopinmich diameter, Ane...) +) /lge 0.0025 tO 0.0005 Large 
To 2-inch diameter, inc......... 0.0005 to 0.00075 Large 
To 6-inch diameter, inc.......... 0.0005 tO 0,001 Large 


DRIVING FITS 


To be used where the assembly is permanent and the duty severe, 
and where there is room for the handling and driving of the parts. 


To 2-inch diameter, inc.....:.... ©.0005 tO 0O.00r1 - Large 
To 33-inch diameter, inc......... 0.00075 to 0.00125 Large 
To 6-inch diameter, inc.......... 0,001 to 0.0015 Large 


FORCING FITS 


These limits may be used where parts are not expected to be 
taken apart and where service is very severe. This assembling is 
done under the arbor press for the smaller parts and under the 
hydraulic press for larger parts. 

The method of forcing the parts together and the length of the 
parts will have influence on how large to leave the shaft. 


To $-inch diameter, inc........ 0.00075 to 0.001 Large 
To r-inch diameter, inc........ 0.001 to 0,002 Large 
To 2-inch diameter, inc........ 0.002 to 0,003 Large 
_ To 34-inch diameter, inc....... 0.003 to 0.004 Large 
To 6-inch diameter, inc........ 0.004 to 0.005 Large 


| SHRINKING FITS—FOR PIECES TO TAKE HARDENED SHELLS 3 INCH 
TH°CK AND LISS 


- To 1-inch diameter, inc........ ©.00025 to 0.0005 Large 
To 2-inch diameter, inc........ ©.0005 t0 0.00075 Large 
To 33-inch diameter, inc....... ©.0005 to 0.001 Large 


To 6-inch diameter, inc........ ©.001 to 0.0015 Large 
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SHRINKING FITS—FOR PIECES TO TAKE SHELLS, ETC., HAVING A 
THICKNESS OF MORE THAN § INCH 


To 2-inch diameter) ine. 202). ae. ©.0005 to 0.001 Large 
To rinch diameter, inc. - 22... 0.001 to 0.002 Large 
To 2-inch diameter, inc........ 0.002 tO 0.003 Large 
To 33-inch diameter, inc....... 0.003 to 0.004 Large 
To 6-inch diameter, mem... - 0.004 to 0.005 Large 
GRINDING LIMITS FOR HOLES 
To 2-inch diameter, inc........ Standard to 0.0005 Large 
To 33-inch diameter, inc....... Standard to 0.00075 Large 
To 6-inch diameter, inc........ Standard to 0.001 Large 


BRITISH ENGINEERING STANDARDS ASSOCIATION? 
British Standard Limits and Fits for Engineering 


The basis of the tables herewith being a hole basis, the limiting 
dimensions of any hole of a particular quality and size remain 
unchanged, and varieties of fit are obtained by varying the actual 
dimensions of the shaft. The Association recognises that excep- 
tions to this rule are necessary in certain classes of work. 

Table x gives both unilateral and bilateral limits of tolerance 
for holes. In the unilateral system, the nominal size is the low 
limit of the hole; in the bilateral system, the nominal size lies 
between the high and low limits of the hole. The Association 
recommends the use of the unilateral system as applied to cylindri- 
cal mating surfaces in cases where it does not conflict with predomi- 
nating present practice. 

Table 2 gives the recommended limits of tolerance for a stand- 
ard series of graduated shafts suitable for pairing with either the 
unilateral or bilateral holes. Table 3 shows the numerical values 
of the limits of fit resulting from the assembly of any one of 
the standard shafts in a particular unilateral hole and a particular 
bilateral hole. The particular holes chosen for these numerical 
examples are identified by the symbols U and X (Table 1) respec- 
tively, and they have been selected because the tolerances on 
these holes are those most commonly employed. The numerical 
values of the limits of fit resulting from the assembly of the standard 
shafts in any of the other holes specified in the tables can be arrived 
at by simple arithmetical calculation. 

The effect of transferring any standard shaft from a bilateral 
hole to a unilateral hole tends either to increase the clearance or 
to decrease the interference; in short, it makes the fit easier. 

Table 1 provides four standard grades of workmanship for 
holes, in which B (unilateral) and K (bilateral) holes represent 
the most accurate grade, while U (unilateral) and X (bilateral) holes 
represent those most commonly employed. Unilateral holes V, W, 
and bilateral holes Y, Z, have larger tolerances. . 

Table 1 also provides for the use of three holes A, G, H, each 
with two positive limits of tolerance. These are called oversize 
holes. They are common to both the unilateral and bilateral sys- 
tems, and are included in the tables to meet exceptional conditions. 

1 Permission of British Engineering Standards Association, 
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The range of the tables is from o to approximately 25 inches 
(635 millimeters) in diameter. The nominal sizes are specified in 
ranges and the length of each range is such that at each change of 
range the tolerance increase on U and X holes is two ten-thousandths 
of an inch. 

The table of shafts, which is common to the unilateral and bilat- 
eral systems, provides for a series-of fourteen different fits with 
reference to any particular hole by progressively changing the dispo- 
sition of the tolerance in relation to the nominal size. The tolerance 
itself remains unchanged for all shafts in the table from F to M 
inclusive. These shafts are of the same grade of workmanship 
asa Bhole. Shafts Q, R, S, T, TT are given increasing tolerances 
because they are all considerably undersize and, therefore, provide 
increasing amounts of clearance when assembled in any hole. 

The range of fits provided by the full series of shafts is divided 
into three main classes, which are defined on the diagram as Inter- 
ference, Transition and Clearance Fits. These terms are recom- 
mended for use when specifying a class of fit. Terms such as push 
fit, etc., which are in common use but have no numerically exact 
meaning, are not recommended, but their approximate application 
to the table has been indicated in the diagram in order that the new 
standards may be more readily applied to existing practice. When 
the exact nature of a fit has to be named, it is recommended that the 
symbols of the hole and shaft be used in combination, e¢.g., UR, and 
marked on the assembly drawing in this form. The drawing of the 
hole and the drawing of the shaft can then be marked U and R 
respectively in combination with the nominal size, e.g., in reference 
to the nominal size 13, 13 inches U, 1# inches R, or the limits of 
tolerance can be specified in figures if preferred. 

The Association recommends, in the interests of uniformity and 
lucid terminology, that where different classes of fit have to be 
described in general terms, the following definitions should be 
employed: 

a) ‘‘Clearance fit’? where there is a positive allowance between 
the largest possible shaft and the smallest possible hole. 

(b) “Interference fit” where there is a negative allowance (obstruc- 
tion) between the largest hole and the smallest shaft, the shaft 
being larger than the hole. 

(c) “Transition fit” covering cases between (a) and (0), i.e., 
cases in which the limits admit of either clearance or interference 
fits being obtained. 

Size Multiplier m and Range Factor r.—Values of m, the size 
multiplier, for nominal sizes from Zero to 25.29 inches (632.49 
millimeters) and 7, the range factor, are given respectively in the 
first column and the last line of the tables. 

The limit values in the tables are found by multiplying together 
these quantities m and 7, odd half-ten-thousandths being eliminated 
by subtracting such odd amounts from the products in which they 
occur, negative products thus becoming more negative. 

Examptr 1.—To find the limits for a 24-inch U hole. 

The value of m corresponding with 24-inches is 8; see table on 
Page 545- 
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The value of r for the high limit of U = 2 (in ten thousandths of 
an inch). 

The value of r for the low limit of U = o. Hence required limits 
are + 0.0016 inch and + o. 

EXAMPLE 2.—To find the limits for a 64-inch X hole. 

The value of m for 64-inches = 12. 

The value of 7 for the high limit’of X = + 1. 

The value of 7 for the low limit of X = — 1. 

Hence required limits for + 0.0012. 

EXAMPLE 3.—Assuming that the minimum hole passed by a plug 
limit gauge be 0.0003 inch greater than the tabular low limit for a 
43-inch X hole, what actual clearance will such a hole afford a 43- 
inch R shaft when the latter is only 0.0002 inch below its tabular 
high limit? ; 

The value of m for 44 inches = 11. 

The value of 7 for the low limit of KX = — 1. 

The values of r for R = —o.3 and —o.5. 

Hence minimum hole the gauge will 

accept = 43 inches — o.oorz inch 
++ 0.0003 inch 
= 4% inches — 0.0008 inch. 

Actual size of shaft = 44 inches — 0.0033 inch — 0.0002 inch. 

= 44 inches — 0.0035 inch. 

Hence clearance = 0.0035 inch — 0.0008 inch = 0.0027 inch; 
which is (0.0003 + 0.0002) or 0.0005 inch greater than the figure 
given for minimum clearance in the Table of Fits, page 547. 
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WOODRUFF KEYS 


The diagrams and tables show the Woodruff type of Key: as 
standardized by the Whitney Mfg. Co. Fis. t shows Keys from } x to 
1} inch i in diameter, and Fig. 2, from 2} to 3y inches. A few sizes 
below x# inches have the ends “cut off, as in Fig. 2. These tables 
give tolerances for each dimension and ‘also, at /, the distance from 
bottom of Keyway to top of Key, this being useful in determining 
the depth of cut to be taken. The last two columns give the width 
of Keyseat to provide a tight fit and the width of Keyway to insure 
the Key entering the hub. 

These Keys fit Keyseats made by corresponding cutters without 
filing or fitting. 


fe ge 


/ tea ce in ; 
eS pret h 
ae 2 es, gO te AD 
E B t| 
1 SEE ee a doe "Rad. 
0.02Rad. 
HGS or KiG,-2 
DrrrH or Wooprurr Kryways IN SHAFT 
(Contributed by A. W. WILks) 
No. | Inches | No. Inches No. Inches No Inches 
I .1719 12 . 2057 20 -4376 27 . 4063 
2 .1564 A . 250 2I .4219 28 23751 
3 1407 || 13 | -3438 || D -3907 || 29 | .3438 
4 . 2032 I4 3282 E -3594 R -625 
5 -1875 a S3025 22 . 4088 S -5938 
6 -I719. B er 23 .4376 T 5625 
7 -250° 16 . 3907 F -4063 U 5313 
8 eB EAN SOT MN a5 e 24 Nie BUS 7 Ovi .500 
9 . 2188 18 | .3594 25 | .4845 30 | .750 
Io . 2969 C .3282 G 4532 31 . 7188 
II . 2813 IO -4532 20 -4376 32 .0875 
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WuitNry STANDARD FOR Wooprurr Krys 


Diam. | Height | Thick- Key Cut Width | Width 
of Key | of Key | ness of Below E of Key- | of Key- 
B Key C Center D seat way 


.112 | 0.0615 | 0.0635 


0.008 Co) 
0.117 | 0.0625 | 0.0645 


fo) 0.250 | 0.112 | 0.0625 
0.260 | 0.117 | 0.0635 


oo 0.3215 


0.135 | 0.0037 + 0.005 | 0.135 | 0.0927 | 0.0047 

0.3225| 0.140 | 0.0047 0.140 | 0.0037 | 0.0057 

000 0.375 | 0.167 | 0.125 + 0.005 | 0.167 | 0.124 0.126 

0.385 | 0.172 | 0.126 0.172 | 0.125 0.127 

1 | 0.500 | 0.187 | 0.0625 + 0.005 | 0.198 | 0.0615 | 0.0635 

0.510 | 0.193 } 0.0635 0.203 | 0.0625 | 0.0645 

2 0.500 | 0.187 | 0.0937 + 0.005 | 0.1908 | 0.0027 | 0.0047 

0.510 | 0.193 | 9.0047 0.203 | 0.0037 | 0.0957 

3 | 0.500 | 0.187 | 0.125 + 0.005 | 0.198 | 0.124 0.126 

0.510 | 0.193 | 0.126 0.203 | 0.125 Onrag 

4 | 0.625 | 0.234 | 0.0037 + 0.005 | 0.245 | 0.09027 | 0.0047 

0.635 | 0.240 | 0.0047 0.250 | 0.0037 | 0.0957 

5 0.625 | 0.234 | 0.125 vs + 0.005 | 0.245 | 0.124 0.126 

0.635 | 0.240 | 0.126 0.250 | 0.125 0.127 

6 | 0.625 | 0.234 | 0.1562 | Ys + 0.005 | 0.245 | 0.1552 | 0.1572 

0.635 | 0.240 | 0.1572 0.250 | 0.1562 | 0.1582 

61 0.625 234 | 0.1875 + 0.005 | 0.245 | 0.1865 | 0.1885 
0.250 | o 


oO. 
»| 0.635 | 0.240 | 0.1885 .1875 | 0.1895 


7 0.750 | 0.2906 | 0.125 + 0.005 | 0.308 | 0.124 0.126 
0.760 | 0.302 | 0.126 0.313 | 0.125 0.127 
8 0.750 | 0.206 | 0.1562 ts + 0.005 | 0.308 | 0.1552 | 0.1572 
0.760 | 0.302 | 0.1572 0.313 | 0.1562 | 0.1582 


9 | 0.750 | 0.206 | 0.1875 1 -+ 0.005 | 0.308 | 0.1865 | 0.1885 
0.760 | 0.302 | 0.1885 0.313 | 0.1875 | 0.18905 
91 0.750 | 0.296 | 0.250 vs + 0.005 | 0.308 | 0.249 0.251 
0.760 | 0.302 | 0.251 0.313 | 0.250 0.252 
to | 0.875 | 0.359 | 0.1562 | vs + 0.005 | 0.370 | 0.1552 | 0.1572 
0.885 | 0.3605 | 0.1572 0.375 | 0.1562 | 0.1582 
tr | 0.875 | 0.359 | 0.1875 | ws + 0.005 | 0.370 0.1865 | 0.1885 
0.885 | 0.365 | 0.1885 0.375 | 0.1875 | 0.1805 
12 | 0.875 | 0.359 | 0.2187 | zs + 0.005 | 0.370 | 0.2177 | 0.2107 
0.885 | 0.365 | 0.2197 0.375 | 0.2187 | 0.2207 


A | 0.875 | 0.359 | 0.250 ds + 0.005 | 0.370 | 0.249 0.251 
0.885 | 0 0.375 | 0.250 0.252 


r2r | 0.875 | 0.202 | 0.250 ds + 0.005 | 0.370 “0.249 | 03252 
0.885 | 0.205 | 0.251 0.375 | 0.250 | 0.252 

13 I.000 | 0.42I | 0.1875 ys + 0.005 | 0.433 0.1865 0.1885 
0.438 | 0.1875 | 0.1805 


I.010 | 0.427 | 0.1885 


14 1.000 | 0.421 | 0.2187 zs + 0.005 | 0.433 | 0.2177 | 0.2197 
I.010 | 0.427 | 0.2107 0.438 | 0.2187 | 0.2207 


WOODRUFF KEYS 555 
Witney STANDARD For Wooprurr Kreys.—Continued 
K Diam. | Height |} Thick- Key Cut Width | Width 
€Y | of Key | of Key | ness of Below E of Key- | of Key- 
No 
: A B Key C Center D seat way 
ee ee eS eee 
I5 | ©.000 | 0.421 | 0.250 ds 0.0057] 0.433 | 0.249 0.251 
I.010 | 0.427 | 0.251 = 0.438 | 0.250 0.252 
B | xr.000 | 0.421 | 0.3125 | vs + 0.005 | 0.433 | 0.3115 | 0.3135 
1.010 | 0.427 | 0.3135 0.438 | 0.3125 | 0.3245 
152 1.000 | 0.421 | 0.375 ds + 0.005 | 0.433 | 9.374 0.376 
1.010 | 0.427 | 0.376 0.438 | 0.375 O37 
I41 I,000 | 0.359 | 0.250 4 + 0.005 | 0.370 | 0.249 0.251 
I.010 | 0.365 | 0.251 0.375 | 0.250 0.252 
13m | 1.000 | 0.344 | 0.3125 | xs + 0.005 | 9.433 0.3115 | 0.3135 
T.010 | 0.350 | 0.3135 0.438 | 0.3125 | 0.3145 
16 1.125 | 0.468 | 0.1875 é& + 0.005 | 0.480 | 0.1865 0.1885 
sier 735 |.0.474 |. 0.1885 0.485 | 0.1875 | 0.1895 
I7 I.125 | 0.468 | 0.2187 & +.0.005 | 0.480 | 0.2177 | 0.2107 
I.135 | 0.474 | 0.2197 0.485 | 0.2187 | 0.2207 
18 1.125 | 0.468 | 0.250 & + 0.005 | 0.480 | 0.249 0.251 
I.135' | 0.474 | 0.251 0.485 | 0.250 0.252 
Cc 1.125 | 0.468 | 0.3125 & + 0.005 | 0.480 | 0.3115 | 9.3135 
1.135 | 0.474 | 0.3135 0.485 | 0.3125 | 0.3145 
161 I.125 | 0.468 | 0.3125 & + 0.005 | 0.480 | 0.3115 | 0.3135 
I.135 | 0-474 | 0.3135 0.485 | 0.3125 | 0.3145 
19 r.250 | 0.531 | 0.1875 | #& + 0.005 | 0.542 0.1865 | 0.1885 
r.260 | 0.537 | 0.1885 0.547 | 0.1875 | 0.1895 
20 1.250 | 0.531 | 0.2187 & + 0.005 | 0.542 | 0.2177 | 0.2197 
1.260 | 0.537 | 0-2197 0.547 | 0.2187 | 0.2207 
au 1.250 | 0.531 | 0.250 & +.0.005 | 0.542 | 0.249 0.251 
1,260 | 0.537 | 0.251 0.547 | 0.250 0.252 
D | r.250 | 0.531 | 0.3125 | & + 0.005 | 0.542 | 0.3115 | 0.3135 
1.260 | 0.537 | 0.3135 0.547 | 0.3125 | 0.3145 
E | 1.250 | 0.531 | 0.375 #z + 0.005 | 0.542 | 0.374 0.376 
1.200 | 0.537 | 0.376 0.547 | 0.375 0.377 
22 1:375-|-0.578 |- 0.250 # + 0.005 | 0.589 | 0.249 0.251 
1.385 | 0.584 | 0.251 0.594 | 0.250 0.252 
23 | 1.375 | 0.578 | 0.3125 | as + 0.005 | 0.589 | 0.3115 | 0.3135 
1.385 | 0.584 | 0.3135 0.504 | 0.3125 | 0.3145 
F | 1.375,| 0.578 | 0.375 | a + 0-005 | 0.580 | 0.374 | 0.376 
1.385 | 0.384 | 0.376 0.5904 | 0.375 0.377 
24 | 1.500 | 0.625 | 0.250 & + 0.005 | 0.635 | 0.249 0.251 
1.510 | 0,631 } 0.251 0.640 | 0.250 0.252 
25 I.500 | 0.625 | 0.3125 %q + 0.005 | 0.635 | 0.3115 | 0.3135 
Peon MOOS, |) O03 105: 0.640 | 0.3125 | 0.3145 
Go| nt 500—140+625— 10375 te + 0.005 | 0.635. | 0.374 0.376 
1.510 | 0.631 | 0.376 0.640 | 0.375 023877, 
cn 
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WHITNEY STANDARD FOR Wooprurr Krys.—Conlinued 


Width | Width 


TOS Diam. | Height | Thick-|Length| Key Cut of at 
Ne of Key | of Key | ness of | of Key Below E Kay sey. 
A B Key C z Center D eae aly, 
126 | 2.125 | 0.390 | 0.1875] 1.370 | 34 + 0.005]0.401| 0.1865|0.1885 
2.135 | 0.3906 | 0.1885] 1.380 0.406] 0.1875|0. 1895 
127 | 2.125 | 0.390 | 0.250 | 1.370 | #4 + 0.00510. 401] 0.249 |O. 251. 
2.135 | 0.3906 | 0.251 1.380 0.406] 0.350 |0.252 
128 | 2.125 | 0.390 | 0.3125] 1.370 | # + 0.005/0. 401] 0.3115|0:3135 
2.135 | 0.396 | 0.3135] 1.380 0.406] 0.3125]0.3145 

129. | 2.125 | 0.80011 0-375] 1-370 $s + 0.005]/0. 401] 0.374 |0.376 
2.135 | 0.3906 1 0.376 1.380 0.406] 0.375 |0.377 
26.) 2,225] 0.525-|- Os L875) Tyas 44 + 0.005]0.526] 0.1865]0.1885 
2.135 | 0.521 | 0.1885] 1.723 0.531] 0.1875|0.1805 

27 | 2.125 | 0.515 |-0.250 | 1.713 | 3% + 0.005]0. 526] 0.249 |0.251 
2135 | O-527 ft OF esr Danses 0.) 531] On2z501O, 252 
28 | 2.125 | 0.515 | 0.3125} 1.713 | 4$ + 0.005/0.526| 0.3115]0.3135 
2.135 | 9.521 0.3135) 1.723 0.531] 0.3125|0.3145 

29 | 2.125 | 0.515 | 0.375 | 1.713, | 44 + 0.005]0.526| 0.374 |0.376 
2), T3511 0.5208 0..38 76) t723 0.531) 0.375 |0-377 

Rx 2.750 | 0.578 | 0.250 | 1.995 | $$ + 0.005/0.589] 0.249 |o.251 
2.760 | 0.584 | 0.251 | 2.005 0.594] 0.250 |o.252 
Sx | 2.750 | 0.578 | 0.3125] 1.905 | #$ + 0.005|0.589] 0.3115|0.3135 
2.760 | 0.584 | 0.3135] 2.005 0.594] 0.3125]0.3145 

Tx | 2.750 | 0.578 | 0.375 | 1.905 | $3 + 0.005]0. 580] 0.374 |0.376 
2.760 | 0.584 | 0.376 | 2.005 0-594) 0.375 |0.377 
Ux | 2.750 | 0.578 | 0.4375| 1.905 | # + 0.005|0.580 0.4365|0.4385 
2.760 | 0.584 | 0.4385] 2.005 0.594) 0.4375]0.4395 

Vx 2.750 | 0.578 | 0.500 } 1.9905 $3 + 0.005/0.580] 0.499 Jo. 501 
2.760 | 0.584 | 0.501 | 2.005 0.594] 0.500 |0.502 

R 2.750 | 0.734 | 0.250 | 2.307 § + 0.005/0.745| 0.249 |0.251 
2.760 | 0.740 | 0.251 | 2.317 0.750] 0.250 |0.252 
Ss 2.750 | 0.734 |.0.3125] 2.307 $§ + 0.005]0.745] 0.3115]0.3135 
2.760 | 0.740 | 0.3135] 2.317 0.750] 0.3125/0.3145 

ao 2.750 | 6.734 } 0.375 | 2.307 $ + 0.005/0.745] 0.374 ]0.376 
2.760 | 0.740 | 0.376 | 2.317 0.750!) 0.375 |0-377 
U 2.750 | 0.734 | 0.4375] 2.307 $ + 0.005]0.745] 0.4365|0.4385 
2.760 | 0.740 | 0.4385] 2.317 0.750] 0.4375]9.4395 

Vv 2.750 | 0.734 | 0.500 | 2.307 $ + 0.005]0.745] 0.499 Jo. 501 
2.760 | 0.740 | 0.501 | 2.317 0.750] 0.500 |0.502 

30 | 3.500 | 0.921 | 0.375 | 2.870 | t§ + 0.005/0.933] 0.374 0.376 
3.510 | 0.92 0.376 | 2.880 0.938] 0.375 |0.377 
3I | 3.500 | 0.921 | 0.4375] 2.870 | 38 + 0.005]0.933] 0.4365|0.4385 
3.510 | 0.927 | 0.4385] 2.880 0.938] 0.4375|0.4395 

32 | 3.500 | 0.921 | 0.500 | 2.870 | i$ + 0.005]0.933] 0.499 |o.501 
3-510 | 0.927 | 0.501 | 2.880 0.938] 0.500 {0.502 
33 | 3.500 | 0.921 | 0.5625] 2.870 | 1§ + 0.005]0.933] 0.561510. 5635 
3.510 | 0.927 | 0.5635] 2.880 0.938] 0.5625|0.5645 

34 | 3.500 | 0.921 | 0.625 | 2.870 | 1% + 0.005]0.0933] 0.624 10.626 
3.510 | 0.927 | 0.626 | 2.880 0.938] 0.625 |0.627 
35 | 3.500 | 0.921 | 0.6875] 2.870 | 1% + 0.005]0.933] 0.68650. 6885 
3-510 | 0.927 | 0.6885] 2.880 0.938] 0.6875|0.6805 
36 | 3.500 | 0.921 | 0.750 | 2.870 | 338 + 0.005]0.933 0.749 | 0.751 
3.510 | 0.927 | 0.751 | 2.880 0.938] 0.750 | 0.752 
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DIMENSIONS OF KEYS AND KEY-SEATS 


Tue following rules and table on page 558, as prepared by Baker 
Bros., Toledo, Ohio, give dimension of keys and key-seats. 

The width of the key should equal one-fourth the diameter of the 
shaft. 

The thickness of the key should-equal one-sixth the diameter of 
the shaft. ; 

The depth in the hub for a straight key-seat should be one-half 
the thickness of the key. 

The depth in the hub at the large end, for a taper key-seat, should 
be three-fifths the thickness of the key. 

The taper for all key-seats should be 3; inch in 1 foot of length. 

The depth to be cut in the hub for taper key-seats, at the large 
end, is greater than those cut straight, for the reason that unless 
this is done the depth in the hub at the small end will not be suffi- 
cient, especially in long key-seats. ~ 

The depths of key-seats in the table are given in thousandths of 
an inch and measured from the edge of the key-seat, and not from 
the center. In this manner the exact depth of key-seat can be 
measured at any time after it is cut. 

For extra long key-seats the depth cut in the hub may be slightly 
increased but for the average work the table will be found correct. 
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MEASURING AND FITTING 


Dimensions oF Krys AND Kery-SEATs. 


(BAKER Bros.) 


Size of 
ole 


17 
1% 
Ts 
oe 
$ 
Ts 
3 
15 


eller Walser Bolan 


oa i yofod hfs Coke) 
Co oad 


Decimal 
Equiv- 
alent 


I. 
1.062 


Preferred 
Width of 
Key-Seat 


Nearest 
Size of 
Cutter 


.25 
.205 
-281 
.296 
ata 
328 
343 
+359 
i 


BORO ce}Aonj co. o-oo OR A Ae 9 yh mo fencer ork onl cxf oxforoxfor eco tos be tops Reps naps naps nope noi?) GI a a oes xen 9 260! f fein at 


Preferred | Nearest | be Cut in 
Thickness/Fractional | Hub for 
of Key |Thickness| Straight 
Key 
-166 zy 093 
177 ts -093 
187 ps 093 
-198 a -109 
-208 aa -109 
219 sa -109 
+229 + 125 
+239 3 125 
+25 4 125 
«26 4 125 
271 $n 141 
281 an 141 
292 er 14 
302 es -I41 
312 e 171 
2323 4 171 
333 $3 17I 
-344 33 17I 
354 33 r7z 
304 | th | xyz 
375 4 “17 
385 33 17I 
.396 qs 218 
406 xs 218 
416 au 218 
427 ts 218 
Peay, ais 218 
448 rs 218 
458 qs 218 
469 zs 218 
-479 2 +25 
-49 $ +25 
AG $ +25 
521 4 225 
ABST $ 25 
542 4 25 
562 8 312 
-573 g 312 
583 3 312 
-604 g cpr, 
614 § 312 
628 g 312 
.646 +t 343 
-656 tt +343 
-666 ts +343 


Depth to 


Depth at 
Large End 
for Taper 

Key 


+112 
TEL 
+112 
131 
.131 
2131 
15 
iG) 
HS. 
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XOLD-FINISHED SHAFTING STANDARD DIAMETERS AND LENGTHS 
Approved as Tentative American Standard, December, 1924. 
Diameters and Tolerances 


= 


ae : Toler- am . Toler- 
[Transmission | Machinery 1 Transmission| Machinery ‘ 
Shafting Shafting Diatnetess Shafting Shafting Hictacwene 
Sizes in Sizes in (—) in Sizes in Sizes in eye 
Inches Inches Tate Inches Inches hashes 
2, 0.002 aps 276 ©. 004 
16 0,002 24, 0.004 
3 ©.002 Dee 0.004 
H 0.002 23 0.004 
4 0.002 aqs ans 0.004 
a8 ©.002 ae 0.004 
qt 0.002 2% 0.004 
45 16 ©.002 24 0.004 
I ©.002 24 0.004 
Iq 0,003 atk 3 0.004 
14 0.003 Be 0.004 
3 230 Z 
T5 116 0,003 34 0.004 
Tf 0.003 : 35 0.004 
1s 0.003 318 32 0.004 
ia 0,003 Bie 0.004 
Lae 176 0.003 34 0, 004 
12, 0,003 ye 3% ©.004 
5 
I 16 0,003 316 4 0,004 
12 0.003 4i 0,005 
11 11 1 
mH 116 0.003 4z6 43 0.005 
Th ©.003 ig 4% ©,005 
176 0.003 416 5 0.005 
De 0.003 St 0.005 
15 15 aT iL 
ri 1té 0.003 576 53 0.005 
2 0.00 3 0.00 
1 S 15 s : 
276 0.004 516 0.005 
an ©..004 


1 Norr.— These tolerances are negative and represent the maximum allowable 
variation below the exact nominal size. For instance, the maximum diameter 
of the 1 se shaft is 1.938 inch and its minimum allowable diameter is 
1.935 inch. 

Standard stock lengths for cold-finished shafting shall be 16, 20 and 24 feet. 
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SQUARE AND FLar Stock Krys STANDARD Wiptus AND HEIGHTS 
Approved as Tentative American Standard, June 1925 
‘ Dimensions and Tolerances 


Toler- Toler- 
Shaft | Square Flat ances! Shaft | Square Flat ances! 
Diam- | Stock Stock on Diam- | Stock Stock on 

eters Keys Keys Stock eters Keys Keys Stock 
din win |wXhin| Keys din win |}wXhin| Keys 
Inches | Inches | Inches (—)in || Inches | Inches | Inches (—)in 
Inches Inches 

3 t 4 X & | 0.0020 2% 4 § X35 || 0.0025 
ts 4 4 X # | 0.0020 27 $ & X ge | 0.0025 

§ Pd we Xt 0.0020 2} iM & X ge | 0.0025 
# ve te X4 0.0020 2% § & X de | 0.0025 

i xs a X4 0.0020 24 $ & X de | 0.0025 
8 te is X $ | 0.0020 24 { $X4 | 0.0025 

t ve ic X$ | 0.0020 2t t i Xz | 0.0025 
t t + Xs | 0.0020 3 i tX y | 0.0025 

I t 4X *% 0.0020 3h 4 xs 0.0025 
I ve t 4 X ws | 0.0020 3t a i xX 4 | 0.0025 
1% t 4X i | 0.0020 3% t xs 0.0030 
Its t 4 X xe | 0.0020 346 t $ X3 | 0.0030 
1% t 4 X we | 9.0020 34 t 5 X 3 | 0.0030 
It } 4x? 0.0020 3h E ex s 0.0030 
1} 3 xt 0.0020 3t t ExF 0.0030 
I q x4 0.0020 34 I 1, x4 0.0030 
1} Ff %xX 0.0020 3 it Ix? 0.0030 
1% 4 ane | 0.0020 4 I rt’ xe 0.0030 
1 H %X 2 0.0020 4k I Rix 0.0030 
iz 3X2 0.0020 Ads I I xs 0.0030 
rz } xt 0.0020 43 I I xz 0.0030 
1# $ xX? 0.0025 3 1} 14 xX ¢ 0.0030 
1% } 4X? 0.0025 436 It | 12 X & | 0.0030 
1i6 $ 4X4 0.0025 5 1} | 14 X § | 0.0030 
2 } +X? 0.0025 5% 1} 1; xXF 0.0030 
25 $ 4x # 0.0025 Sis 1} 13 X7 0.0030 
2h 4 4x # 0.0025 53 rt} 14 xX F 0.0030 
25 4 x 2 0.0025 54 rh itXr 0.0030 
2} } +X: 0.0025 51g 1} I%4 XI 0.0030 
235 R £oxX ae 0.0025 6 I} iy XI 0.0030 
1 Notr.—These tolerances are negative and represent the maximum allow- 
able variation below the exact nominal size. For instance, the standard 
stock square key for a 2-inch shaft has a maximum size of 0.500 X 0.500 


inch and a minimum size of 0.4975 X 0.4975 inch. 
It is understood that these keys are to be cut from cold-finished stock and 
are to be used without machining. 


Pratt & Whitney, Round End Keys 
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561 


The length “I,” may vary from the table given, but must at least 


be equal to (2 X W). 


Gmina i 
[reser nor g] 


The maximum length of slot is (4’’ + W). 
Note that the width (W) is in all cases equal to the depth (D). 


Keys made with 
__}— Bound Ends and 


Keyways Qut in 


Spline Miller 


Pratr & Watney Kry System 


Key 


Key 

Reve Ts W H D |No| © Ww 
1 8 1 1 

I i I6 az 1G 22 4 4 
2 2 aa ee az 23 Ig 1 5 
3 § 16 8 a0 3 
8 9 8 1 

Sosa Nase eg a a ee 
5 8 8 15 3 25 Iz 1s 
6 oa 64 Bm G 8 
1 8 D 
oS ie i Pa a 
8 4 32 Ct ai [ps | (ee 16 
9 16 32 16 53 8 

at 3 

10 32 3t a3 26 16 
il z 16 B2 16 27 2 4 
12 a2 re az | 28 15 
A Z $ z | 29 5 
8 9 3 1 

13 15 a2 16 54 4 
14 Bz éz Ba ego || tot Ts 
1 3 1 6 4 3 

15 4 3 4 5 $3 
B Ts $3 16 57 16 
3 9 3 5. 
16 1s 33 ts | 58 is 
eels eo cke tule cl cock ak oe 
18 i Ey Fs 60 18 
C ts | 33 re | OL z 
9 8 3 

19 16 Be 16 3° 8 
20 4 a2 crs 35 3t 18 
2t 4 4 & 4 32 3 2 
D ts a3 is | 33 1s 
E 3 1 alee 3 


ko cole Aes cokoGsto 


cofro} 
Mor oP icin 


efor}, colt 
Beare ARNO OS 


ical 9 cates 


oentos 


9 


congo rs aosles wibchioketln Chacala cnkotomainitee, —cofeat fount cojcatfonimint —cnjeoSfouin bs 
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TAPERS FOR KEYS, ETC., FROM 5 TO I INCH PER 
oF TAPERS FOR LENGTHS VARYING BY 


Foor. 


1 
% INCH 


AMOUNT 


LrencTaH 


3h 


H i a ah mo oh oer Sn Sl tens form Soca Taper per Foot|r 


.0286 
0572 
-0859 
1145 
1432 
1718 
2004 
.2201 
2577 
-2864 
13150 
3438 
+3724 


.4296 
4582 


-4010|.4375 


if 


Taper per Foot 


Ir 


eee wees ree ee 
Shes he te Shier on-chip os 


0390]. 
0781). 
Buea 
1562). 
1952]. 
+2343}. 
+2734. 
3124]. 
3515}. 
.3905|. 
4296]. 
4688}, 
5078}. 
5468}. 
-5859]. 
-6249|. 


.0442 
.0885 
1328 
1770) 
2213 
.2656 
.3098 
+3541 
-3984 
-4426 
.4869 
5313 
+5755 
.6197 
.6640 
7082 


0494 
.0989 
.1484 
1979 
+2473 
.2968 
3463 
3958 
4452 
4947 
5442 
-5938 
-6432 
6926 
-7422 
7917 


0546 
-1093 
.1640 
.2187 
+2734 
3281 
3827 
4374 
492 
5468 
.6015 
6563 
-7109 
-7955 
8203 
8750 


0572 
1145 
1718 
2201 


+3437 


-4583 
-5156 


.6302 
-6875 
7447 


8593 
9166 


.0598 
1197 
.1796 
+2395 


.2864|.2994 


+3593 


-4010].4192 


4791 
5390 


-5729|-5989 


.6588 
7188 
-7786 


8020}.8384 


8984 
9583 
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+ D» — Proportions or Key HEADS rB+ 
(STANDARD GAGE STEEL CO.) 


PRopoRTIONS OF Krys Hreaps—STANDARD GAGE STEEL Co. 
(Dimensions in Inches) 


A B | c | D 
1 Ali 
3 8 4 30 
es is iv a 
al a 1 3 
4 4 a) 8 
3 8 8 2 
Te 16 B to 
, , : i 
2 
7 ye 
8 8 I 4 
i i ts i 
4 4 Ig 5 
23 Ww 1% ect 
8 3 Ty I 
| 1 te 
18 4 12 Tis 
I I Ig Ig 
Ives Iis Iz Iv 
1 3 
is 13 Ee is 
135 Lys eu Ig 
ne 
ie IZ i 1s 
zs Tis ae Ig 
i 1? 2% fs 
li \ Iie 24 1% 
Ig Ig 23 Iq 
2 ch At ii 
ay ay i i 
13 13 23 Ig 
14 Ik 25 14} 
3 EY 
12 Ge 24 2 
1g 1% 25 225 
1g Ig 35 2% 
3 
rit Tis 33 246 
2 2 oes ai 
2 
5 
226 276 38 2ys 
1 1 3 i 
25 25 34 22 
: 2 ts g ats 
236 a8 38 z 
2f 24 a 28 
26 236 48 2 
2 2 4h 23 
8 B 3 Dit 
2y 276 43 1 
2 24 4} 2 
5 
225 24s 45 2s 
5 5 3 
28 2 44 3 
8 5 4 ee 
on ty M4 BA 
3 3 we i 
24 2 43 38 
A ats + 
i 2h 4s Sis 
ae 25 5 34 
2it 2H 5, 3% 
3 3 58 32 
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TABLE FOR Finpinc Tora, Kryway Depts 


In the column marked “Size of Shaft” find the number repre- 
senting the size; then to the right find the column representing the 
keyway to be cut and the decimal there is the distance A, which 
added to the depth of the keyway will give the total depth from the 
point where the cutter first begins to cut. 


rs | is 3 | 6 | 2 


Keyway | Keyway Key way | Keyway | Keyway 


3 OS OZLS, Ba oho yacei b Foal fh ocacaeei Bere aroma lagceles tie ieee tea a et 
os OPO2Z8SO> Wei cha |[ Seetr deve Seder or atc ene eS 
g 0.0254 0 O4ES ne Picea Urges: wet, Wee: Shaye er axon) eee eae 
brs 0.0236 O210399. Vo aa eg enan | even ee 
z 0.022 0.0346 OFO5TL— |) chee ee eer 
Pad 0.0198 0.0314 OFO465.)) aaa suas 

t 0.0177 0.0283 0.042 0.0583 

4B 0.0164 0.0264 0.0392 0.0544 
I 0.0152 0.0246 0.0365 0.0506 0.067 
Ids 0.0143 0.0228 0.0342 0.0476 0.0625 
1% 0.0136 0.021 0.0319 0.0446 0.0581 
Iss 0.0131 0.0204 0.0304 0.0421 0.0551 
It 0.0127 0.01908 0.029 0.0397 0.0522 
135 0.0123 0.0191 0.0279 0.038 0.0499 
1% 0.012 0.0185 0.0268 0.0364 0.0477 
igs 0.0114 0.0174 0.0254 0.0346 0.0453 
1} O.OIL 0.0164 0.024 0.0328 0.0429 
1x 0.0107 0.0158 0.0231 0.03090 0.0412 
1} 0.0105 0.0153 0.0221 0.0201 0.0395 
rit 0.0102 0.0147 0.0214 0.0282 0.0383 
1} 0.0099 0.0142 0.0207 0.0274 0.0371 
1}? 0.0005 0.0136 0.0198 0.0265 0.0355 
If 0.0093 0.013 0.019 0.0257 0.0339 
rig 0.009 0.0127 0.0184 0.025 0.0328 
2 0.0088 0.0124 0.0179 0.0243 0.0317 
275 0.0083 0.0117 0.0173 0.0236 0.0308 
2k 0.0078 O.OIII 0.0168 0.0229 0.0299 
276 0.0073 0.0109 0.0163 0.0222 0.0201 
2 0.007 0.0107 0.0159 0.0216 0.0282 
Or 0.0068 0.0104 0.0155 0.02090 0.0274 
2% 0.0066 0.0102 0.0152 0.0202 0.0267 
2x 0.0064 0.0L 0.0149 0.0108 0.026 
2} 0.0063 0.0098 0.0146 0.0104 0.0253 
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Shaft has full bearing 
below. lower line 


The Kennedy Key 


This Key was designed by Julian Kennedy of Pittsburgh, Pa. 
and is used in heavy work such as gearing for rolling mills. The 
keys are square and + the diameter, the sides being parallel and a 
eood fit while the top of key is tapered 3 in. per foot. The keys 
are set so that lines drawn diagonally through the corners will 
meet at the center of the shaft. After boring the hub is offset 
dz the diameter and rebored to the same radius, relieving the top of 
the bore. This relieves the sides so that the full bearing usually 
begins at +4, the diameter below the center, as shown. Up to 6in. 
pals, single keys are generally used, above 6 in. the two keys as 
shown. 


The Nordberg Key 


The Nordberg Key is round with a taper of 7g in. per foot. The 
large diameter is approximately { the diameter of the shaft, up to 
6 inches. Above this the Key is about # the shaft diameter. In 
practice the small hole A is first drilled at the joint, then a hole B, 
as large as convenient without exceeding the key diameter. This 
prevents the full size drill from “running,” or crowding into the 
cast iron of the hub, 


TAPERS AND DOVETAILS 
MEASURING TAPERS 
An Accurate Taper Gage 


THE gage illustrated in Fig. 1 is an exceedingly accurate device 
for the gaging of tapers. 

It is evident that if two round disks of unequal diameter are 
placed on a surface plate a certain distance apart, two straight-edges 
touching these two disks will represent a certain taper. It is also 
evident that with the measuring instruments now in use it is a 
simple matter to measure accurately the diameters of the two 
disks, and the distance these disks are apart. These three dimen- 
sions accurately and positively determine the taper represented by 
the straight-edges touching the rolls. If a record is made of these 


Fic. 1.—Accurate Taper Gage 


three dimensions these conditions can be reproduced at any time, 
thus making it possible to duplicate a taper piece even though the 
part may not at the time be accessible. 

The formulas on the following pages may be of service in connec- 
tion with a gage of this character: 


Formulas for Use in Connection with Taper Gage 
To find center distance (/), refer to Fig. 2, 


pai I+ # 


To find disk diameters, refer to Fig. 3. 


regal +o-o+0-0| 


Dia. small disk = 27 


wa] ales (& — a)? — o-0| 


Dia. large disk = 2 R 
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To find taper per foot (T), refer to Fig. 4. 


R= 
T 2 
(a = =) 


To find width of opening at ends, refer to Fig. 5. 


_ i— (R-7 
onr yf 


Vidth of opening at small end = 2 a. 


4-¢ = Japer per Inchon 
a os = 4, 03/25" 


ee 
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Taper per Foot <3 ! 
Fic. 3 


Fic. 5 
Applications of Taper Gage 
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Applications of Formulas 
To Find Center Distance Between Disks 


Suppose there are two disks as shown in I’ig. 2, whose diameters 
are respectively 1{ and 1 inch. It is desired to construct a taper of 
to the foot, and the center distance / between disks must be deter- 
mined in order that the gage jaws when touching both disks shall 
give that taper. 


Let R = radius of large disk, or 0.625 inch. 

r = radius of small disk, or 0.500 inch. 
t = taper per inch on side, or 

0.750 ; 

TSE 0.03125 inch. 

24 
Then 
yee gece ales 
i 

0.125 y if 5 
0325-4 /.000076 = 4 X 1.0005 = 4.002 inches. 


To Find Disk Diameters 


Suppose the gage jaws are to be set as in Fig. 3 for a 3-inch 
per foot taper whose length is to be 4 inches. The small end is 
to be exactly } inch and the large end for this taper will, therefore, 
be 13 inches. What diameter must the disks be made so that when 
the jaws are in contact with them and the distance L over the disks 
measures 4 inches, the taper will be exactly 3 inches per foot? 
Here a represents one-half the width of opening at the small end, 
and b one-half the width of opening at the large end. The radius of 
the small disk may be found by the formula: 


rate + o- 0+ @- a]. 
T= 2289( hie + 0:25 +08) 


= 0.0625(4.031I + 0.5) = 0.2832 


Then 


Diameter small disk = 0.2832 inch & 2 = 0.5664 inch. 
For the large disk: 


bf 


a= ti e+ o-o-e- 0] 
Re o:18( |r 4- 0.25 — 0-5) 


= 0.1875 (4.0311 — 0.5) = 0.6621. 


Then 


Diameter large disk = 0.6621 inch K 2 = 1.3242 inches. 
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To Find Taper Per Foot 


In duplicating a taper the gage jaws may be set to the model, and, 
yy placing between the jaws a pair of disks whose diameters are 
cnown, the taper per foot may be readily found. For example, the 
aws in Fig. 4 are set to a certain model, two disks 0.9 and 1.1 inch 
liameter are placed between them and the distance over the disks 
measured, from which dimension / (which is 3.5 inches) is readily 
‘ound by subtracting half the diameters of the disks. Here / 
‘epresents the center distance as in Fig. 2. To determine the taper 
ser foot which may be represented by 7, the formula is: 


T= 4 (=a) 


i; Haunt e ote ae 
= 24\ \/t2.25 — 0.01 24 3.4985 war eh 


Taper per foot = 0.684 inch. 


Then 


To Find Width of Opening at Ends 


Tf, with the ends of the gage jaws flush with a line tangent to the 
disk peripheries as in Fig. 5, it is required to find the width of the 
opening at the small end where a represents one-half that width, 
the following formula may be applied, the disks being as in the last 
example o.9 and 1.1 inch diameter respectively, and the center dis- 


tance 3.5 inches: 
1 1 — (R — 7) 
o-INTFE R71 


325 = (55 = 745) 
a=o0. 
asa CSS = +45) 
3-4 


= 0.45 \/E = 0.45-V 94444 = -4373 


Then 


0.4373 inch X 2 = 0.8746 inch width of opening at small end of 
gage. 

Similarly the width of opening at the large end of the gage may be 
found as follows, where b = half the width of the large end. 


1+ (R —7) 
bo ANT ha) 


325. G55 45) 
teh NES — (55 — .45) 


| 6 
= 0.55 BG; = 0.55 V 1.028909 = .56595 


0.56595 inch X 2 = 1.1319 inch = width of opening at large end. 


Then 
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BROWN & SHARPE TAPERS 


 NAAAAANANANRAR! 


RTE 
Cs, 


NS 


pee: 


mes (E 


ae 


Taper 33 Ih. per ft. A 


See pages 570 and 57x for table of Brown & Sharpe tapers. 
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s Brown & SHARPE TAPERS 
Dimensions or Mriiinc-Macuinr SPINDLES 
(Taper-Nose) 


A* | B | E F G | H I | J 
3-045 2 23 | 1 Ty 3 ts 3 
5-255 2% 43 | 13 233 | & t a 


| * Diameter at sharp corner. 


Tae JARNO TAPER 


Taper per foot = 0.6 inch. Taper per inch = 0.05 inch. 
No. of taper. No. of taper 
8 10 ; 


_ Diam. large end = Diam. small end = 
No. of taper. 
2 


| While the majority of American tool builders use the Brown & 
Sharpe taper in their milling-machine spindles, and the Morse taper 
in their lathes and drilling machines, a number of firms have 
adopted the “Jarno” taper. In this system, the taper of which is 
0.6 inch per foot or r in 20, the number of the taper is the key by 
which all the dimensions are immediately determined. That is the 
number of the taper is the number of tenths of an inch in diameter at 
the small end, the number of eighths of an inch at the large end 
and the number of halves of an inch in length or depth. For 
example: the No. 6 taper is ¢ (#)-inch diameter at large end, 4‘) 
diameter at the small end and § (3) inches in length. Similarly, 
the No. 16 taper is 4,°, or 2-inch diameter at the large end; }§ or 1.6- 
inch at the small end; 4,° or 8 inches in length. 


Length of taper = 


N 
, 
, 
\ 
\ 
\ 
\ 
N 
N 


‘Taper of Key = 12” per Ft 


Morse Standard Tapers 
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Morse TAPERS 
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OTHER TAPERS 


A number of other tapers are used, but to such a limited extent 
that full tables are not warranted. One, the Reed taper, used on 
lathes, has the same taper as the Jarno, t in 20, but differs both in 
diameters and lengths used. 

The Standard Tool Company has two tapers, known as the 
standard and short tapers. These vary from 0.600 to 0.630 inch 
per foot. 

The Sellers taper is 0.75 inch per foot and has a keyway the 
whole length of the taper, but no tang. 


TAPER PINS AND REAMERS 


acacia 


TAPER REAMERS AND PINS 
(pratr & WHITNEY CO.) 
Taper = } inch per foot or 0.0208 inch per inch 


o ree) ‘ en 
4 2 oo) ee) eee ba [288 
: B 3 ey q 74 3h jes 
ey@se | oy |e | Ag | BE | ES erie 
Soh | Soh | 4 & | 68 |\¥a,] se (sabe 
¢| ede | eke | # | Ss | ge | sae) ga [Beds 
a| A a ope (a= Bi ites A. |< 
o| 0.135” 162” | 1,” |. 2” 28 ite “ESO, 5” 
I .146” E 79” 7s” 2 R” 25 I a 172" 41’ 
2 ak 62” 200” zi 37 2th” I9 I i -193” fs” 
3 aT 83” 22 6! aps” eG 12 I 3m 21 of 7 uv 
4 208” 25 “ft 23” 3 ie 3 gl 2 so” in 
5 240” 300" 2 Ua 4h” 4 2 289" ay” 
6 279” 3 54” aye Be 25 ” 341” p | iw 
7 “331” 42 3M an" 625” ro 33” 409!” ibn 
8 398” Boy” 54” Wes 43 4h” .492" 4 
9 | a8" | Goo" | ob | 8 | HE] sit | sor | 
Io 581" att uw 9” 43 6! 706” 23” 
IL 706" 878" 8)” I 1" 43 uM 85 Vk ay" 
12 842" | 1.050” | 10” 133” ii 83” | r.013” | ree” 
13 | 1.009” | 1.259” | x 2" 16” Igz | 108” | 1.233” 143” 


These reamer sizes are so proportioned that each overlaps the 
size smaller about 4 inch. 
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Brown & SHarre Mre. Co.’s TAPER Pins 
(Tool Steel, Taper }-Inch per Foot) (Dimensions in Inches) 


No. of pin.. Dae, Loo ° I 2 3 4 
Diam. at small end A....... 0.118]o.135|0. 146]o. 162]0. 183]0. 208 
Approx. diam. small end. . 4 ee | tc | Se lees 
Dia meoteshalttss es scrcutiessSansitae 12 o5| fae | Has | F141) 3-38 | ER 
Radius of commer Kou: 2: =. 0.01 Jo.or jo.or jo.o2 |o.02 |o.02 
NO SOE DU we serena meee 5 6 7 8 9 Se) 
Diam. atsmallend A .Jo. 240] 0.279 |0.331| 0.398 |o.482| 0.581 
Approx. diam. small 

Taina Le Bey etaale t 33 oe a2 33 33 


Diam.jof shafts... ; I-If flare 1$-13|1y5-1 
Radius of corner R..]/o.02 | 0.03 |0.03 | 0.04 |0.04 | 0.05 


The flat head and rounded point remove all doubt as to which is 
the large end of the pin. Lengths vary by 3-inch increments for 
general use. 


TAPER OF COCK PLUGS 


While there is no standard taper for cock plugs, a taper of 1} inches 
per foot is used in many cases. 


DRILLS FOR TAPER PINS 


TABLE OF DRILL SizEs ror TAPER PINS 


; F . No. No. of 
Drill Sizes for Taper Pins of Pin D d Drill 
The table gives the at hig for omeMisal oo |S ORBaS ISG. ae StS eee 
taper pins ranging in lengths by }+ wy ” ” " 
Bon foes No. 0, # inch long, to No. E th Mig es epi Ha 
10, 6 inches long. The diameter of 7 1a 0-400" 0.372577 oe 
the small end of the pin for each Ny aa 0.4007 0.367 maa 
length is given in the fourth column Bed Men ths Al ae g, Wa 
, ven Inf 7 21/1 0.400/| 0.3621 #H 
with the drill size in the fifth column. 7 24/1 9.400/! 0.35607] #3 
Radius of rounded ends varies from 7 alr 0. 400/! 0.3517") 447 
i to 2 diameters of pin, usually 7 307 0.4001 0.34657" ty 
measured at the large end. 7 32/1 0.4001 0.3413] 44” 
5 7 32”! 0. 400/| 0.3361” Me, 
2 es 7 33/7 0.409/| 0.3300” uy 
re 8 14’) 0.492/71 0.466 7” fa 
ay See ;. 8 13’ (oN, o27! Oe 608” at 
H ke ==} 8 13? eiyea! EE u” 
Cy eC ES ox a site Site Se) 8 2.1) 0.492/"| 0.4503/'| 42” 
ee 12 8 2a} 0.4092!’ 0.4451” git 
it 8 25") 0.492”'1 0.4300""| z’” 
8 | 21") 0402") 0: daar] 
No. No. of Sies 0.492") 0.4205") z 
Pin | / | D d | Beug 8 | 33”) 0.492”| 0.4243”| #4” 
8 | 34/] 0.402”) 0,4101"| 42” 
8 31” 0.4092/” 0.4130” at 
o 2”) 0.156” 0.1404”| 28 8 | 4,’ 0.402") 0.4087”) 34" 
Oba lees. 150415021135 2"4|. 20 8 | 44/7) 0.402’) 0.4035”) 43” 
I #1 0.172/"| 0.1564") 22 8 | 44/7! 0.492/1| 0.3082/| 43/7 
Tao. 1727) on15 12") 24 9 | 12/7) 0.501") 0.5597”) ze” 
I 12’) 0.172/] 0.146 ’/| 26 9 134 0. 591” 0.5545” ie 
2 20. 193") 020774/'|: 16 9 2’) 0.591”) 0.5493”) 3 
2 | 4/7) 0.193/") 0.1722/") 17 9 | 24’) 0.5011 0.544r/") 44" 
2 13/|0..193/’| 0.167 | 18 9 24/") 0.591/"| 0.5380") 38°" 
2 | 14”) 0.103’"| 0.1618’ | 20 9. | 2471) 0-501 ).0; 5337 |Nenae 
3 | #’\0.210”| 0.2034”| 6 9 3." 0.50%") 0. 5285" | 44% 
3 | 1x /| 0.210!) 0. 1982”) 8 9 | 34") 0.591) 0.5233/| 34” 
8 | £270,210’) 0.193517), x0 9 ‘| 327) 0.5917) o.5181/") 34" 
3 | 12’) 0.210’) 0.1878/"| 12 Om 23 E4 0.591” 0.512071 ga 
3 12’) 0.219'") 0.18257") 14 9 | 4 7%) 0.590") 0.5077"). oa 
4 #7) 0.250/") 0.2344”) 4B" | 44”) 0.5901" 0. 5025") 3” 
4° | 2/1 0.250/"| 0.2202!" Bi 9 | 427) 0.501") 0. 4072/7) 9” 
A O.. 250710. 22d cee | iL 9 | 4%’7] 0.501”| 0.4920/"| 4°" 
4 re’) 0.250") 0,2187""| 2 9 5/1 0.501") 0.4868| 34/7 
A fina’) 0.250/|.0.2735/1 3 9 | 54’) 0.501/") 0.4816") 34" 
4 | 27) 0.2507] 0.2083”! 4 9 | 52%) 0.5077") 0.4764") 3a" 
5 $/) 0.280") 0.2734” tH || 10 12’"| 0.706") 0.6747/| 3 
5 | 1’) 0.280!) 0.2682/" a4/\| to | 13’) 0.706") 0.6605" 43/7 
5 12/"| 0.280/’| 0.263 ”” wy 10 aed 0.706" 0.6643” g/t 
5 14/7] 0.280!’| 0.2577 4s 10 24/1 0.706") 0.6591] #4” 
5 13’) 0.280//| 0.2525" 4” 5m) 2%/| 0.706/1 0.6530/"| 44/" 
5 2.7 0.280! 0.2473” a" Io 24/1 0.706! 0,.6487/"| #4” 
5 24!) 0.280/’| 0.2421" 4/110 3 és 0.706”! 0.6435’" a” 
6 2"! 0.341") 0.3254" a 10 34/| 0.706”| 0.6383/"| 44” 
6 | 1’) 0.341’) 0.3201” || 10 | 34’) 0.706”! 0.63317] 44% 
6 rR!" 0.341” 0.315 wt ed ro ai" 0.706” 0.6278” grr 
GO) )aa4|'o340/"|. 10: 310 7 te |) tO) {AMI SON7OGMIRO.02200 9 8 
6 ri” o.341” 0.3045” He” IO 44” 0.706” 0.6174” bur 
6 | 27) 0.344] 0.2004") | to | 44) 0.706" 0.6122/"| $2’ 
6 | 24”) 0.341//) 0.2041/ #a4\| 10.» | 42"7) 0.706") 0.6078) 32” 
6 | 27’) 0.341’’| 0.2880’ az’|| 10 | 5/1 0.706”! 0.60187) 33"" 
6 | 24/7) 0.341/") 0.2837/" az’|| to | 5%”7| 0.706/"| 0.5966’"| 49”” 
6 ur 0.3417 0.2785” a5’! Io 54 0.706’ 0.5914!” 4B" 
G) |'gi"| 0./34077)0. 2733” en’|| ro | 52’) 0.706") 0.5862/"| 43/7 
7 \ ti) ©.4097\00.3881% ba ETO AG Zion 706! ons Sin a/7 ue 
Taper is } inch per foot—sizes from 5-0 to 0000 = 0.094; 0000 = 


0.109; 000 = 0.125; 00 = 0.141 at large end. 
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TAPERS 579 


TAPERS FROM. ;J; TO 14 INCH PER Foot 
AMOUNT OF TAPER FOR LENGTHS UP TO 24 INCHES 


a 

se TarEeR PER Foot 

aa 

ae 

mali wm (ee | te |e ee aT [8 Py la 
IS 
#4|.0002| 0002] .0003}.0007].0010] .0013) .0016) .0020) .0026) .0033 
zIs|.0003] 0005] .0007].0013].0020] .0026| .0033| .0039] .0052 0065 
£ |.0007|.0010|.0013}.0026}.0039) .0052| .0065| .0078| .o104) .o130 
-85|.0010|.0075] .0020|.0039].0059| .0078) .0098) .o117] .0156} .0195 
4 |.0013|.0020].0026].0052].0078| .oro4| .o130| .o156 .0208] .0260 
3?;|.0016] 0024] .0033|.0065|.0098| .0130| .0163| .0195) .0260 0326 
$ |.0020].0029|.0039|.0078}.0117| .0156} .o195]) .0234) .0312) .0391 
4'5|.0023] .0034|.0046].cogt|.0137| .or82) .0228] .0273| .0365 0456 
% |.0026|.0039|.0052].0104].0156| .0208] .0260] .0312] .0417| .0521 
485|.0029|.0044].0059].0117|.0176| .0234] .0293] -0352| .0469 0586 
| .0033|.0049|.0065].0130].0195| .0260) .0326} .0391| .0521 0651 
414] .0036].0054|.0072].0143|.0215| .0286| .0358| .0430| .0573 0716 
# | .0039].0059|.0078|.0156|.0234| .0312| .0391| .0469] .0625 0781 
13} .6042].0063).0085].0169].0254| .0339| -0423| .0508) .0677 0846 
Z |.0046].0068].c09T|.0182|.0273| .0305| .0456| .0547| .0729) .ogrr 
48] 6049] .0073|.0098| .or95|.0293| -0391| .0488] .0586] .0781} .0977 

1 |.0052].0078] or04|.0208].0312| .0417] .0521) .0625 0833] -1042 

2 |.0104].0156].0208].0417|.0625| .0833] .1042| .125 | .1667 2083 

3 |.0156].0234].0312|.0625].0937| -1250| .1562) .1875| -250 | -3125 

4 |.0208].0312|.0417|.0833].125 | .1667| .2083] .250 | .3333 4167 

5 |,0260].0391].0521|.1042|.1562| .2083] .2604| .3125] .4167 5208 

6 |.0312|.0469].0625].125 |.1875] .250 | .3£25] -375 | -50° 625 

7 |.0365].0547|.0729].1458].2187| .2917| -3646| .4375 5833) -7292 

8 |.0417|.0625|.0833].1667].250 | .3333| -4167| -500 | .6667 8333 

9 |.0469].0703|.0937].1875|.2812| .375 | 4687] -5625] -750 | 9375 


10 |,0521].0781|.1042|.2083].3125 .4167| .5208| .625 | 8333|1-0417 
tI |.0573|.0859|.1146].2292|.3437| -4583| -5729| -6875 .9t67|1-1458 
12 |.0625|.0937|.125 |.250 |.375 | -500 | -625 | +750 |1.000 |1.250 

13 |.0677|.r016|.1354|.2708).4062| .5417) .6771| 8425 1.0833|1-3542 
14 |.0720|.1094].1458}.2917|-4375| -5833| -7292| -875 |1-1667 1.4583 
15 |.0781|.1172|.1562).3125|.4687| .625 | .7812| .9375|1-250 1.5625 
16 |.0833].125 |.1667].3333|-500 | -6667| .8333|1.000 |1.3333 1.6667 
17 |.0885|.1328|.1771|.3542|-5312| -7083| -8854|1.0625|1.4167 1.7708 
18 |.0937|-1406].1875].3750|-5625| «750 | -9375|1-125 |1.500 1.875 

19 |.0990|.1484].1979|.3958|-5937! -7917| -9896|1-1875|r-5833|1.9792 
20 |.1042|.1562|.2083|.4167|.625 | .8333)1.0417|1.250 |1.6667 2.0833 
21 |.r094|.1641).2187|.4375|.6562| .875 |1-0937|1-3125|1-75° 2.1875 
22 |.1146|.1719|.2292|.4583)-6875| -9107|/1-1458|1.375 |1-8333|2-2917 
23 |.1198|.1797|-2396|.4792|-7187| .9583|1-1979|1-4375|1-9107 2.3958 
24 |.125 |.1875|.250 |.500 |.750 |I.000 {1.250 |1.500 |2.000 |2.500 


580 TAPERS AND DOVETAILS 


Tapers Per Foot 1n INCHES AND CORRESPONDING ANGLES 


INCLUDED ANGLE WITH INcLUDED ANGLE WITH 
we ANGLE CentER Line ||,, 6 ANGLE CentER LINE 
x - 

Si oh o]| ; | od ; |R Fy bb d | od 
Bie) a |a|8)a] )4/8) 8 lala fa 
@z|o| 4 |.28|o] 2 | 14 40) 400) 18: | aes ag 
teio| 8 | 58 ]o}| 4 | 20 irk] 5 | 2 | 44 | 2) go lr se 
e,|.0] 27 | BaP ol 8 | 87 ak Sl ST 48 ae toe 
#5,|0'|, 26 |) 52) 10, | 13 1°26 inkl (0) 3301) 26" eon 4s 
#0} 35 | 48 fo} 17 154 Nak o7 1 o | tO 1g eat 35 
elo l.44 144) 0), 22 22 Nak) 9 | 4a 48, | Beas 2g 
ts |.0 | 53 | 44 | 0 |. 26 | 52 llz#|. 8 | 20 |. 26 | 4) rol! 1g 
gz |.I 2 | 34-| 0} 3r | 17 rg). 8 | 56 2 | 4| 28 I 
Aol) Toe soma lerss aS. ie 0. |, 30-4, 30 Aaedulad Sia 4e 
gz |r| 20 | 30] 0.| 40 | 15 |l2}) ro | 42 | 42 | 5] 2r | en 
ts| =| 29 | 3010} 44 | 45 |2h] tt | 53 | 361 5] 56 | 48 
43) 11,38 | 22>] 07%] 49 | Ir lat) 3g 4i0|) 24a, Gagei tlt 12 
Bp ray |) 24] One S3 142 13) °p 4p. 25) Orde Bheey | 3e 
48) 1) 56 | 24 | o}| 58 | 12 134) 25 |] 25 | 24 Plea2 | 42 
ts | 2 | rome 2 | 39 34] 16 | 35 | 40:1 8) 27 | 50 
$$) 2 | 14 | 16') 2 7 8 132) 17 | 45. | 40 | 8il 52 | 50 
4 oleae | TOM 2 cr a5 Nas. Tah Ry he 28a egnMmaw, | tag 
AZ| 2 | 32 4 | 1] 16 2 1144] 20 5 2: OrOWeGal | Fa 
fs | 2 | 41 4 | 1 | 20 | 32 lat} 2 | 14 2/10) 37 I 
43 | 2] 50 BEN aT R25 r 4h |22) 22 \)) 22) porn oe 
Bea so 14a lin | aol er Is, Mag i aa) oma: sie maO 6 
@ 3 7 | 56 | x | 33) 58 ist] 24 | 4o | 42 | T2)"20 | or 
Te | 3 16 | 54 | x} 38 | 27 |l5sa] 25 | 48 | 48 | 121 54 | 24 
$3) 3) oe) tol rl 42 | 35 Ise) 26°56") 461) 1g 1028 | ag 
$l) 251 34 |" Age ins 47422) VO" 28 sia 2° il aye x 
$313) 43 | 44] 2] 5t | 52 OF] 20 | 12 | 34 | 24] 35 | 47 
$$ | 3] 52 | 38 | 1] 56 | x9 |}63| 30 | 18 | 26 | 15] 9 | 13 
$41 4 Zale Ovalyea o | 48 62) 32°] 25. 2) TS ieae | eoy 
Bil Ape HO, [ese |'2 5 | 16 32) ian ra oleae ol eG 
$314] 19 | 34] 2] 9 | 47 174] 33 | 36 | 40 116} 48 | 20 
4§| 4 | 28 | 24 | 2) 14 | 22 |17d] 34 | 42 | 30 | 17] 2t | 15 
$x] 4] 37 | 20) 2] 18 | 40 172] 35 | 47 | 32 27] 53 | 46 
8 | 36] 52 | 12 |18] 26] 6 


TABLE FOR CompuTING TAPERS 


TAPERS 


582 


Che Tabulated Quantities = Twice the Tangent of Half the Angle. 


Deg. o Io’ 20! 30° 40° 50’ 60° 
© | .00000} .00290] .00582} .00872] .or164] .or454| .01746 
I | .01746| .02036] .02326| .02618| .o29r0} 03200] .03492 
2 | .03492| .03782| .04072| .04364} 04656] .04946| .05238 
3 | .05238] .05528] .05820] .o6110} .06402| .06692] .06984 
4 | .06984] .07276| .07566| .07858| .o8150| .08440] .08732 
5 | .08732] .09024] .09316] .09606] .09898| .torg0| .10482 
6} .10482) .10774| .11066] .11356] .11648] .11940] .12232 
7 | 12232) .12524| .12816| .13108| .13400| .13694]| .13986 
8 | .13986| .14278) .14570| .14862| .15156| .15448] .15740 
9 | -15740] .16034) .16326] .16618| .16912] .17204] .17498 
10 | .17498| .17790|] .18084] .18378,| .18670] .18964| .19258 
II | -19258] .19552] .19846| .20138] .20432| .20726] .21020 
I2 | .21020] .21314| .21610| .21904| .22108| .22492] .22788 
13 | .22788] .23082| .23376| .23672| .23966| .24262| .24556 
14 | .24556| .24852] .25148) .25444| .25738| .26034| .26330 
I5 | .26330| .26626] .26922| .27218| .27516| .27812]| .28108 
16 | .28108} .28404] .28702] .28998| .29296| .29502| .29890 
I7 | .29890} .30188] .30486] .30782] .31080] .31378| .31676 
18 | 31676] .31976] .32274]|* .32572| .32870] 33170] .33468 
19 | -33408| .33708] .34066] .34366] .34666] .34966| .35266 
20 | 235266) .35566| .35866| .36166| .36466] .36768| .37068 
21 | 37068) .37368| .37670| .37972| .38272] .38574| .38876 
22 | .38876] .39178| .39480| .39782] .40084] .40388] .40690 
23 | -40690| .40994] .41296| .41600| .41904] .42208| .42512 
24 | 42512) .42816| .43120] .43424| .43728| 44034] .44338 
25 | -44338| .44644| .44950| .45256| .45562] .45868)] .46r74 
26 | .46174| 46480] .46786| .47094| .47400] .47708] .48016 
27 | .48016| .48324| .48632| .48940| .49248| .49556| .49866 
28 | .49866| .50174| .50484| .50794| .51004] «51414| .51724 
29 | +51724| 52034] 52344] 52056] .52966| .53278] .53590 
3° | 153590} 53902) 54214] .54526) 54838] .55152] .55464 
32 | 55464) 55778] 56092] .56406] +56720] 57034] «57350 
32 | -57350| 57064} .57980] .58294] .58610] .58926] .59242 
33 | -59242] .59560] 59876] .60194| .60510| .60828] .61146 
34 | 61146] .61464] .61782| .62102| .62420] .62740| .63060 
35 | -63060| .63380] .63700| .64020] .64342| .64662| .64984 
36 | 64984] .65306] .65628] .65950] .66272| .66596| .66920 
37 | .66920| .67242| .67566| .67890| .68216| .68540| .68866 
38 | 68866] .69192| .69516} .69844| .yor70| .70496| .70824 
39 | +70824) 71152] .71480| .71808| .72136| .72464| 272794 
49 | .72794| 473124) .73454| -73784| .74114| .74446| .74776 
4t | 74776) .75108| .75440) .75774| .76106| .76440| .76772 
42°) 76772) .77106| .77442| .77776| .78r10| .78446| .78782 
43 | .78782| .79118| 79454] .79792| 80130] .80468| .80806 
44 | 80806] 81144] .81482| .81822] 82162 82502] .82842 
45 | .82842| 83184] .83526| .83866| .84210| .84552| .84894 


582 TAPERS AND DOVETAILS 


TABLE FOR ComMPUTING TAPERS 
The Tabulated Quantities = Twice the Tangent of Half the Angle. 


- , G , 


Deg. roy Io 20 30’ ‘{ 


40 50° 60! 


46 | .84894| .85238] .85582] .85926| .86272 86616} .86962 
47 | 86962] .87308] .87656| .88002 88350| .88698] .89046 
48 | .89046| .89394| -89744| .90094| .90444| 90794] .91146 
49 | .91146| .91496| .91848| .92202| .92554 92908] .93262 
50 | .93262] .93616| .93970 94326] .94682] .95038} .95306 
5r | .95396| 95752) 96110 96468} .96828| .97186] .97546 
52 | .97546| .97906| .98268| .98630| .98990| 99354] 99716 


53 | .99716| 1.00080 | 1.00444 | 1.00808 | 1.01174 1.01538 | 1.01906 
54 | 1.01906 | 1.02272 1.02638 | 1.03006 | 1.03376 | 1.03744 | 1.04114 
55 | 1.04174 | 1.04484 | 1.04854 1.05226 | 1.05596] 1.05970 | 1.06342 
56 | 1.06342 | 1.06716 | 1.07090 | 1.07464 1.07840 | 1.08214 | 1.08592 
57 | 1.08592 | 1.08968 1.09346 | 1.09724 | 1.10102 | 1.10482 | 1.10862 
58 | 1.10862 | 1.11242 | 1.11624 1.12006 | 1.12388 | 1.12770 | 1.13154 
59 | 1-13154 | 1-13538 | 1-13924 | 1.14310 1.14696 | 1.15082 | 1.15470 
60 | 1.15470 | 1.15858 | 1.16248 | 1.16636 | 1.17026 1.17418 | 1.17810 
6r | 1.17810 | 1.18202 | 1.18594 | 1.18988 | 1.19382 1.19776] 1.20172 
62 | 1.20172 | 1.20568 | 1.20966 | 1.21362 | 1.21762 1.22160| 1.22560 
63 | 1.22560 | 1.22960 | 1.23362 | 1.23764) I 24166 | 1.24570] 1.24974 
64 | 1.24974 | 1.25378 | 1.25784 | 1.20190 | 1.26598 1.27006 | 1.27414 
65 | 1.27414 | 1.27824 | 1.28234 | 1.28644 1.29056 | 1.29468 | 1.29882 


66 | 1.29882 | r.30296| 1.30710 | 1.31126] 1.31542 1.31960 | 1.32378 
67 | 1.32378 | 1.32790 | 1.33216 | 1.33636 1.34056 | 1.34478 | 1.34902 
68 | 1.34902 | 1.35326 | 1-35750| 1.36176 1.30602 | 1.37028 | 1.37456 
69 | 1.37456] 1.37984 | 1.38314 | 1.38744 1.39176 | 1.39608 | 1.40042 
70 | 1.40042 | 1.40476 | 1.40910 1.41346 | 1.41782 | 1.42220 1.42658 
71 | 1.42658 | 1.43098 | 1.43538 | 1-43980 | 1.44422 1.44864 | 1.45308 
72 | 1.45308 | 1.45754 | 1.46200 1.46646 | 1.47094 | 1.47542 | 1-47992 
73 | 1.47992 | 1.48442 | 1.48894 | 1.49348 1.49806 | 1.50256 1.50710 
74 | 1.50710] 1.51168 | 1.51624 | 1.52084 | 1.52544 | 1.53004 1.53406 
75 | 1.53466 | 1.53928 | 1.54392 } 1-54850 | 1.55322 | 1.55790 1.56258 
76 | 1.56258 | 1.56726 | 1.57196 | 1.57668 | 1.58140 1.58612 | 1.59088 
77 | 1.59088 | 1.59562 | 1.60040 | 1.60516 1.60996 | 1.61476 | 1.61966 
78 | 1.61956 | 1.62440 | 1.62922 | 1.63406 1.63892 | 1.64380 | 1.64868 
479 | 1.64868 | 1.65356 | 1.65846 | 1.66338 | 1.66830 1.67324 | 1.67820 
80 | 1.67820 | 1.68316 | 1.68814 | 1.69312 | 1.69812 | 1.70314 1.70816 
8x | 1.70816 1.71320] 1.71824 | 1.72332 | 1-72836 1.73348 | 1.73858 
82 | 1.73858 | 1.74368 | 1.74882 | 1.75396] 1-75910 1.76428 | 1.76946 
83 | 1.76946) 1.77464 | 1.77984 | 1-78506 | 1.79030 | 1-79554 1.80080 
84 | 1.80080 | 1.80608 | 1.81138 | 1.81668 | 1.82198 | 1.82732 1.83266 
85 | 1.83266 | 1.83802 | 1.84340 | 1.84878 1.85418 | 1.85960 | 1.86504 
86 | 1.86504 | 1.87048 | 1.87594 | 1.88142 | 1.88690 1.89240 | 1.89792 
87 | 1.89792 | 1.90346] r.gogo2 | 1.91458 | 1.92016 1.92576] 1.93138 
88 | 1.93138 | 1.93700 | 1.94266 | 1.94832 | 1.95400 1.95968 | 1.96540 
89 | 1.96540 | 1.97112 | 1.97686 | 1.98262 | 1.98840 | 1.99420] 2.00000 
go | 2. 


a en ei ee —— eS 


Refer to page 583 for explanation of table. 


DOVETAILS 583 


TABLE FOR USE IN COMPUTING TAPERS 


In the table on pages 581 and 582 the quantities when expressed 
in inches represent the taper per inch corresponding to various 
angles advancing by 10 minutes from 10 minutes to go degrees. 
If an angle is given as, say, 274 degrees and it is desired to find the 
corresponding taper in inches, the amount, 0.4894, may be taken 
directly from the table. This is the taper per inch of length 
measured as in Fig. 6, along the axis. The taper in inches per foot 
of length is found by multiplying the tabulated quantity by 12, and 


s 94!” eal 


it 
Fic. 6.—Taper per Inch and Corresponding Angle 


in this particular case would be 0.4894” X 12 = 5.8728”. Where 
the included angle is not found directly in the table, the taper per 
inch is found as follows: Assume that the angle in question is 12} 
degrees, then the nearest angles in the table are r2° 10’ and 12° 20’, 
the respective quantities tabulated under these angles being 
0.21314 and 0.21610. The difference between the two is 0.00296, 
and as 124° is half-way between 12° ro’ and 12° 20’ one-half of 
0.00296, or 0.00148 is added to 0.21314, giving 0.21462” as the 
taper of a piece x inch in length and of an included angle of 12} 
degrees. The taper per foot equals 0.21462” K 12 = 2.5744". 


TABLE FOR DIMENSIONING DOVETAIL SLIDES AND GIBS 


Tue table on page 584 is figured for machine-tool work so as 
to enable one to tell at a glance the amount to be added or sub- 
tracted in dimensioning dovetail slides and their gibs for the usual 
angles up to 60 degrees. The column for 45-degree dovetails is 
omitted, as A and B would, of course, be alike for this angle. 

In the application of the table, assuming a base with even dimen- 
sions, as in the sketch Fig. 7, to obtain the dimensions # and y of 
the slide Fig. 8, allowing for the gib which may be assumed to be 
4 inch thick, the perpendicular depth of the dovetail being 3 inch, 
and the angle Go degrees, look under column A for 3 inch and it 
will be found opposite this that B is 0.360 inch, which subtracted 
from 2 inches gives 1.640 inches, the dimension x. To find y first 
get the dimension 1.640 inches, then under the column for 60-degree 
gibs (where C is } inch), D is found to be 0.289 inch, which is added 
to 1.640, giving 1.929 inches. 

In practice this dimension is usually made a little larger, say to 
the nearest 64th, to allow for fitting the gib. 


5384 TAPERS AND DOVETAILS 
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TABLE FOR DIMENSIONING DOVETAIL SLIDES AND GIBS 


4 2 885" 3.501”| 4.195” 


DOVETAILS 585 


MEASURING EXTERNAL AND INTERNAL DOVETAILS 


THE accompanying table of constants is for use with the plug 
method of sizing dovetail gages, etc. The constants are calculated 
for the plugs and angles most in use; and to use them a knowledge 
of arithmetic is all that is required. The formulas by which they 
were obtained are added for the convenience of those who may have 
an unusual angle to make, 


Fic, 9.—Externa! and Internal Dovetails 


Asan example of the use of the table, suppose that Z, Fig. 9, is the 
dimension wanted, and that the dimension A and the angle a are 
known. A glance at the formulas above shows that Z = A — D. 
Then the constant D corresponding to the size of plug and the angle 
used is subtracted from A and the remainder equals Z. For 
instance, if A = 4”, the plug used = 3”, and the angle = 30 
degrees, then Z = A — D = 4” — 1.0245” = 2.9755”. 


586 TAPERS AND DOVETAILS 


If A is not known but B and C are given, according to the formula 
below the table A= B+C F. Then if B = 3.134”, C = 3”, 
and the angle is 30 degrees, as before, A = B + C P = 3.134” + 
(.75” X 1.1547) = 4”, whence Z can be found, as already shown. 

If the corners of the dovetail are flat, as shown in Fig. 9 at J and 
G, and the dimensions J and H and the angles are known, it will be 
found from the formulas below the table that A also = I + H F; 
so that if J = 3.8557”, H = }”, and the angle = 30 degrees, then 
A=I+H F = 3.8557” + (.125” X 111547) = 4”, from which Z 
is found as before. 


CONSTANTS FOR DOVETAILS 


o 


Plug 60° 55 50° 45 40 35 30 
4” | D | 1.1830] 1.0429] .9368 3535 7861 «7302 -6830 
E | .3170| .3288] .3410 | .3536 3666 | .3802 +3943 
2” | D | 1.7745] 1.5643] 1.4053 | 21-2803 | 1.1792 | 1.0954 I.0245 
E | 4755) 4932] -5215 | -5303 | 5499 |) +5702 “5915 
¥ | D | 2.3660) 2.0858} 1.8730 | 1.7070 | 1.5722 1.4604 | 1.3660 
E | .6340| .6576) .6820 | .7072 7332 -7603 7886 
2” | D | 3.5490] 3.1286] 2.8106 2.5606 | 2.3584 | 2.1903 | 2.0490 
E| .gsro| .9864) 1.0230 | 1.0606 1.0998 | 1.1404 | 1.1830 
F | 3.4641| 2.8563) 2.3836 2| 1.6782 | 1.4004 | 1.1547 
A=B+CF=I1+ HF 
B= A = CF 6-7 
E= P(cot 2 t2) +P 
D'=P( cot +P 
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TOOL FOR LAYING OUT ANGLES ACCURATELY 


Tue bevel gage shown here is for laying out angles accurately. 
In using this gage set a vernier caliper or large “‘micrometer”’ to 
twice the sine of half the angle desired, multiplied by ten; add one- 


Fic. 1.—Bevel Gage for Laying Out 


half inch and open the gage till it fits the vernier; this gives the angle 
within the limits of the measuring tool and the radius of the gage. 
The j-inch hole in the center is for a setting plug when it is desira- 
ble to lay out an angle from a given center. 

The table gives the measurements over the half disks required for 
setting the arms of the gage to give any angle from 1 to 45 degrees, 
and also the setting for any number of holes in a circle from 3 to 22. 


TABLE FoR SETTING Toon ror Layrinc Out ANGLES 


= 
Gace Srerrinc For Even DEGREES 


anole Measure- | Angle} Measure- | Angle | Measure- | Angle} Measure- 
De S ‘ees| ment Over | De- | ment Over | De. | ment Over | De- | ment Over 
8) Disks grees Disks grees Disks grees Disks 


ey 


I 0.6746 12 2.5900 ae) 4.4874 34 6.3474 
2 0.8490 13 2.764 24 4.6582 35 6.5142 
3 1.0236 I4 2.0374 25 4.8288 36 6.6804 
4 I.1980 15 3.1106 20 4.9980 37 6.846 
5 1.3724, |) 10 3.2834 27 5-1690 38 7.0114 
6 1.5408 | 17 3.4502 28 5.3384 39 7.1762 
7 I.7210 18 3.6286 29 5.5170 40 7.3404 
8 1.8952 19 3.8010 30 5.6764 41 7.5042 
9 2.0092 20 3-9730 31 5.8448 42 7.6674 
Io 2.2432 21 4.1448 |, 32 6.0128 43 7.830 
II 2.4170 22 4.3162 33 6.1804 44 7.9922 
45 | 8.1536 
Gacr Srrtincs For Hotes in A Circe 
No. of No. of No. of 
Agesa| mest Over | Holes | Mewsare, | Hoies| Mesure: | Hols | Measure: 
Circle Disks Circle Disks Circle Disks Girce Disks 


3 17.8206 8 8.1536 13 5.2864 18 3.9730 
4 | 14.6422 9 7:3404 T4 | 4.9504 19 3.7918 
5 12.2558 | 10 6.6802 15 4.0582 20 3.6286 
6 
7 


10.5 II 6.1346 16 4.4018 21 3.4808 
9-1776 | 12 5.6762 I7 4.1750 22 3.3462 
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THE SINE BAR 


The sine bar is an instrument of precision used by the toolmaker 
in laying out, setting, testing and otherwise dealing with angular 
work which requires a close degree of accuracy in its dimensions. 
It consists of a bar of steel with two disks of equal diameter secured 
near the ends of the bar and having their centers on a line exactly 
parallel with the edge of the sine bar. The bar itself may be either 
tool steel hardened and ground or machine steel case hardened. 

An improved form of sine bar is shown in Fig. 1. There are 
various other designs, all having for their object a convenient means 
of locating work at the desired angle upon an angle plate or other 


Fic? 2 


plate so that the work may be set at once to the desired angle for 
laying out, drilling or machining otherwise. It is customary to 
locate the disks on the sine bar at a center distance of either 5 or 
ro inches, these being convenient lengths and, moreover, forming — 
handy figures for multiplying the quantities for the corresponding 
angles as taken from a table of sines, in setting the sine bar in 
position. 

The disks are used for setting the bar at the correct angle by 
measuring up under the disks with a vernier height gage, the bar 
then being clamped securely to the angle plate. With the sine 
bar in Fig. 2, the disks are large enough to project over the edges 
of the bar so that the lower disk always rests directly upon the 
surface plate or upon a parallel on the plate, and the sine bar may 
be ‘set very easily as it is merely swung upon its lower disk until 
the upper disk is at the right height as determined by the height 
gage. 

Use of the Special Table 

It is a convenience in using the sine bar to have a special table 
computed to cover degrees and minutes with sines calculated for 
a radius of ro; that is, the quantities are ten times the sines as taken 
from a regular table of sines. Thus, in the accompanying table 
the constants are figured for direct setting of the 10-inch sine bar. 
If a 5-inch bar is used these constants should be divided by two. 

Suppose, in Fig. 3, it is desired to set the bar at an angle of 25 
degrees, as indicated in the sketch, Fig. 4. In the triangle, Fig. 3, 
the radius, 10 inches, is the center distance between the sine bar 
disks, and the dimension required to be found is the height H. 
Referring to our table herewith, we find opposite the angle 25 
degrees, the constant 4.2262, so that the height of the center of the 
upper disk must be 4.2262 inches above the lower disk, In Fig. 4 
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the sine bar is shown set with the lower disk center 1 inch above the 
surface plate as a matter of convenience so that the other disk 
must be set 4.2262 inches plus 1 inch or a center height of 5.2226 
inches. With the form of sine bar in Fig. 4, where the lower disk 
rests directly upon a surface plate, the setting for the upper disk 
would be 4.2262 plus 14 inch or 4.7262 inches. q 
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Attachment for Use with the Sine Bar 


The attachment illustrated in Fig. 5 was developed to be used 
with Johansson blocks in connection with the sine bar for more 
accurate setting or testing of angles than is usually obtained with 
the height gage. It is shown in use in measuring the angle on the 
shoe for an angular jig. 

The body of the attachment is made of machine steel. The 
large hole A is a slip fit for the plug of the sine bar. The knurled 
head screw B and the brass button C provide means for clamping. 
The small pin D driven into the machine-steel body on which one 
end of the gage blocks rests when in use completes the attachment. 

In Fig. 6, the sine bar £ has the plugs F extending beyond the 
bar on both sides and clear on the tops. 


Fics. 5 and 6.—Attachment for Use with the Sine Bar 


Tn use, the attachment is slipped over one of the plugs with the 
pin D pointed in. The sine bar is clamped on to the piece to be 
tested, and the required combination of blocks placed so as to rest 
on top of the plug of the sine bar and the pin of the attachment; 
with the aid of an indicator the blocks are then set parallel with the 
surface plate, adjustment being made by tapping the attachment 
up or down as required. 

After the blocks are set parallel, all that is necessary is to run the 
indicator over the higher plug of the sine bar and the top surface of 
blocks to determine the accuracy of the setting. 
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SHOP AND DRAWING ROOM STANDARDS 
STANDARD JIG PARTS 


Drill Bushings 


Two different styles of bushings with their dimensions are shown. 
These can be blanked out in quantities and finished to required 
sizes as needed, and should be made of tool steel. Allowances 
should be made in the blanks for grinding and lapping after 
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hardening. Fig. 1 shows a slip bushing; Fig. 2 a stationary bush- 
ing, and Fig. 3 a stationary bushing where tools with stop collars are 
to be used. Such bushings as shown in Figs. 2 and 3 are also used | 
for linings for slip bushings. 
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Fi N é - amauate 
Kk) SA 


Binding Screws 


Binding screws should be made in various sizes and with threads 
to conform to the standard taps with which the shop is provided. 
When drills of a very large size are used, a screw with a square or 
hexagon head is best, as the work requires firm clamping. If the 
drills used are small, a winged screw will be sufficient and more con- 
venient, as it will require less time to manipulate. Some good 
screws for clamping straps are shown in Figs. 4 and 5. Of course 
the screws can be made of any length desired. 

When the work is to be held against the seat or a stop by means 
of a set-screw, such screws as shown in Figs. 6 and 7 will be found 
ee SHEE If, however, the work is very light, a wing screw can 

e used. 
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SCREWS AND STRAPS 


Locking Screws 


A convenient hinge-cover locking screw is shown in Fig. to. 
This screw, when used, should be adjusted so that only a quarter 
turn will be needed to clamp or release the cover, which should be 
slotted to admit the head of the screw. 

The different sizes of the styles of screws shown are not only used 
with drilling jigs, but are equally useful with other jigs and fixtures. 
These screws should be made of screw stock and case-hardened. 
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Strap Dimensions 
A convenient strap to use with these jigs is shown in Fig. 1. The 
straps should be made of low-carbon steel and case-hardened after 
finishing. The slot G can be located in the proper position and 
made of such dimensions as to allow the strap to be slipped back out 
of the way when work is being placed in and taken from the jig. 
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Minimum Spacing of Hexagon Nuts for Wrench Clearance 


This shows the minimum spacing 

for wrench clearance of bolts with 

1 hexagon nuts; also the sizes for 

‘a->| standard socket-wrench heads, diam- 

peas Wespak eter of spot-facing cutters, washers 
on and other information on bolts. 
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OPEN END AND SOCKET-WRENCH HrEApsS—A.tt DIMENSIONS IN 


INCHES 

Bolt Diam. . 

Se iM pi | Spot [Pas } Bats | Comer Be aan her ga 

Ce facing | Washer|  B C 2 
4 ia I 34 34 4, .578 3 

4, 193, 1 46 1G % 198, 886 304 7 
36 1346 | I 3% I I 1346 -794 | 4564 1} 
Ke 1346 | I Ke 14 14 2560 -902 | 5léq 134 
4g 2%o | 1146 1}4 138 % r.0rr'| 5764 13 
46 I 2 134 bez4 8142 | I.119 ° 364 144 
54 134 2346 | 138 134° |/0R He |1-227-5| bea 154 
34 1) T1445 | 2 246 | 154 2 134 | 1.444 | 1 %2] 1% 
3g | x %6 | 21546 | 134 | 234 | 1 Ho | 1.660 | 11542 | 2h4 

I 1254, | 3 46 | 234 246 126 | 1.877 | 12442 | 234 
1}4 15465 | 31446 234 234 11346 | 2.003 | 12%e 2h 
134 | 2 He | 4 36 244 3 2 2.310 | 2 }42 234 
134 21340 | 4 He 234 374 2 H%6 | 2.527 | 2 Ye 3 
1}9 25% 41346 3 334 2 34 2.743 | 21342 346 
D564 Wat eCe es S46 sre 33% | 2 Me | 2.960 

134 3.442°) 5 Me | 334 4 2 34 oh | 32070 

136 344 6 442 | 35 444 21546 | 3.393 

2 31%2 | 6 6 3% 444 | 3+ 3.609 

Beg he he Tae 444 434 | 334 | 4.043 

2h¢ ety C3 Wer ss (Cal) as 5 3% | 4.476 

234 | 47340 | 81346 | 534 es 4 43 4.909 

3 5 542 | 9 38 534 4 5.342 

334 | 51%2 |10 34 634 5 5.775 

34 6 Ir We 644 5 34 6.208 

334 | 61342 {1113846 | 7 5 34 | 6.641 

4 6% |12 %6 |] 734 638 | 7-074 

434 | 7.%2 |13 3 8 634 | 7.508 

4 7°32 |14 346 | 834 6% | 7.942 

434 | 846 |141546 834 1 Yai | 8 37a 

5 8 %e |I5 6 034 7 56 8.807 

574 9 16 42 994 8 9.240 

544 | 91342 |17 34 10}4 8 3g | 9.673 

534 92%e |18 Gp 1034 8 34 |10.106 

6 101%{6 |181346 | 11 9 +8 |10.539 


— 


Hole in washer = diameter of bolt + ¥¢ for bolts up to and including 1 
inch in diameter. : | 
Hole in washer = diameter of bolts + } inch for bolts 14 to 2} inches in 

diameter, inclusive. 
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ANGLES AND CHORDS 615 


INTEGRAL RIGHT-ANGLED TRIANGLES 


THE erection of a perpendicular by the construction of a triangle 
whose sides are respectively 3, 4 and 5 units in length is a familiar 
and handy device. The following table gives a greater range of 
choice in the shape or proportions of the triangle employed. The 
table is a list of all integral, or whole-number, right-angled triangles 
the units of whose least sides do not.exceéd 20. 


Height Base Hypot- Height | Base Hypot- Height| Base Hypot- 


24 26 16 30 34 
60 6r 16 63 65 


enuse enuse enuse 
3 4 5 12 16 20 17 44 T45 
5 12 13 12 35 Bi 18 24 30 
6 8 Io 13 84 85 18 80 82 
7 24 25 14 48 50 19 180 181 
8 15 17 15 20 25 20 21 29 
9 12 15 15 36 39 20 48 52 
9 40 41 15 SF (het Gene) 20 99 IOL 
° 
I 


aoe 


TABLE OF CHORDS 


To construct any angle from the table of chords, page 616: Let 
the required angle be 36° 38’; the nearest angles in the table are 
36° 30° and 36° 40’, and the chords are respectively 0.6263 and 
0.6291, the difference 0.0028 corresponding to an angular difference 
of 10’. To find the amount which must be added to 0.6263 (the 
chord corresponding to 36° 30’) in order to obtain the chord for a 
36° 38’ arc, multiply 0.0028 by 38, = 0.00224. 0.6263 + 0.00224 
= 0.02854. Then, if the radius is 1’ and the angle 36° 38’ the 
chord will be 0.62854’. 


In laying out an angle as in the accompanying illustration a base 
line A B can be'drawn, say ro inches long, then with a radius A B 
and center A, arc B C can be struck. Multiply chord 0.62854 inch 
by 10 giving 6.2854 inches, as the radius of an arc to be struck from 
center B and cutting arc B C at C. Through point C draw a line 
A C and the angle B A C will equal 36° 38’. 

Where the angle required is in even degrees or sixths of degrees 
(as 10’, 20’, etc.) the corresponding chord may be taken directly 
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TaBLE or CHORDS 
THE TABULATED QUANTITIES = TWICE THE SINE OF HALF THE ARC 


Deg. roe 10° 20! 30° 40° 50° 60° 
© | .c0c0 0029 0058 .0087 0116 0145 0174 
I | .0174 | .0204 | |.0233  |\.0262 0291 .0320. | .0349 
2 | .0349 0378 0407 204306 0465 0494 10523 
311) .0523 0553 | .0582 .OO1L .0640 | .0669 | .0698 
4 | .0698 0727 0756 | .0785 0814 | .0843 0872 
5’ | 0872 -OQOL 0930 | .0959 .0988 | .1017 | .1047 
6 1047 -1076 | .1105 L134" | Tt TOs -T192 -1221 
1 ed CX 6 1250 -I1279 -1308 -1 387, -1366 | .1395 
8 | .1395 1424 | .1453 1482 -I511 +1540 | .1569 
9 | .1569 1598 | .1627 1656 | .1685 sT7I4e |) BL 7AZ 

IO | .1743 1772 -1801 .1830 1850 -1888 -1Q17 
rr .1927")| 1946: |).11975,-|| 2004...) 2083: 1!) “2002 himEgan6 
12 2090 +2119 2148 +2177 2200 +2235 2264 
13 0| 22040 |5 322037 laag zen ase 2380 | .2409 | .2437 
14 | .2437 24060 | .2495 soho dt Jee anc oS 2582 2010 
15 | .2610 | .2639 2608 | .2697 2920 0" eae 2783 
16 | .2783 2812 2841 2870 | .2899 | .2927 | .2956 
17 | .2956 +2985 -3014 +3042 3071 +3100 +3129 
18) | .3129 23157, +3186 3215 3243 +3272 +3301 
TQ | 330K | 3330 | -3358 | .3387 | -3426 | .3444 | .3473 
20 | .3473 | -3502 | -3530 | -3559 | -3587 | .3616 | .3645 
21} 23645 3673 3702 +3730 | -3759 3788 | .3816 
22} 3816 | 3845 | .3873 | -3902 | .3930 | .3959 | .3987 
23° | 3987 | .4016 | .4044 | .4073 4101 4130 | .4158 
24 | .4158 4187 4215 4243 +4272 | 14300 4320 
25 | -4329 | 4357 | -4385 | -4414 | -4442 | .4471 | -4499 
26 | .4499 | .4527 | +4556 | .4584 | .4612 | .464r | .4669 
27 | .4069 4097 4725 4754 4782 .4810 4838 
28 | .4838 | .4867 | .4895 | .4923 | 4951 | .4979 | .5008 
29 | .5008 +5036 +5004 5092 +5120 5148 5176 


Rien Meriyia7e) 5204 35232 5201 5289 Ase pig) 5345 
3r | -5345 | -5373/| -540r | -5429 | -5457 | -5485 | -5513 
32 | +5513 | -554z | -5569 | -5596 } .5624 | .5652 | .5680 
33 | -5680 | .5708 5730 | -5764 | .5792 -5820 | .5847 
34 | +5847 | -5875 | 5903 | +5932 | -5959 | -5986 | .6or4 
35 | .6o14 | .6042 6069 0097 6125 -6153 | .6180 
30 | .6180 | .6208 | .6236 | .6263 6291 -6318 | .6346 
37 | -6346 | .6374 | 6401 | .6429 | .6456 | .6484 | .6511 
38 | .O51r | .6539 | .6566 | .6594 | .6621 | .6649 | .6676 
-6703 6731 .6758 | .6786 | .6813 | .6840 
40 | .6840 |, .6868 | .6895 6922 6950 | .6977 |°.7004 
41] «7004 | .7031 +7959 7086.9)! 271103) | yrgoe 1927267 
42]. .7167 -7194 +7222 +7249 7270 +7303 7330 
43 | -733° | -7357 | +7384 | .741r | -7438 | .7465 ! .7492 
44.| -7492 | -7519 | .7546 | .7573 | .7600 | .7627 1 .7654 
45 |. .7654 | -7680 | 27707 | 7734 | .7761_ | -7788 | .7815 
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TABLE OF CHorps—Continucd 
THE TABULATED QUANTITIES = TWICE THE SINE OF HALF THE ARC 


Deg. o 10" 20° 30° 40’ 50° 60’ 
46 | .78t5 | -784r | .7868) ..7895 | +7928 | +7948 | -7975 
47 *7975 | .8001 8028 | 8055 8081 8108 | .8135 
48 8135 | .816r 8188 | .8214 | 8241 8267 | .8294 
49 8294 8320 8347 8373 8400 | .8426] .8452 
50 8452 8479 8505 8531 8558 | .8584 | .8610 
51 8610 | .8636 | .8663] .8689 | 8715 8741 8767 
52 8767 8793 8320 8846 8872 8898 8924 
53 8924 8950 8976 9002 9028 9054 | .go80 
54 9080 .Q106 9132 9157 9183 -9209 9235 


55 | :9235 | .926r | .9286] .9312 |, .9338 | .9364 | .9389 
56 | .9389 | -9415 | -9441 | 9466] .9492| 9518 | .9543 
57 | -9543 | -9509 | 9504] .9620] .9645 | .9671 | .9696 
58. | .9696} .9722| 9747] -9772| -9798 | .9823 | .9848 
59 | -9848 | .9874 |} .9809 | -9924| 9949 | -9975 | 1.0000 
60 | 1.0000 | 1.0025 | 1.0050 | 1.0075 | I.0100 | 1.0126 | I.0r51 
6r |’ L.ors1 | 1.0176 | 1.0201 | 1.0226 | 1.0251 | 1.0276] .0301 
62 | 1.0301 | 1.0326] 1.0350 | 1.0375 | 1.0400] 1.0425 | 1.0450 
63 | 1.0450] 1.0475.],1.0500°| 1.0524] 1.0550 | 1.0574 |. 1.0598 
64 | 1.0598 | 1.0623 | 1.0648 | 1.06072 | 1.0697 | 1.0721 | 1.0746 
65:| 1.0746 | 1.0770 | 1.0795 | 1.0819 | 1.0844 | 1.0868 |: 1.0893 
66 | 1.0893 | 1.0917 | 1.0941 ; 1.0966} 1.0990 | I-L014.| 1.1039 
67) 2.1029 _| 1.£003),| T1087) | TLITT | 1.1035.) L-1T5O || tan rd4 
68 | 1.1184 | 1.1208 | 1.1232 | 1.1256] 1.1280 | 1.1304 | 1.1328 
69 | 1.1328 | 1.1352 | 1.1376 | 1.1400 | 1.1424 | 1.1448 | 1.1471 
JO) I.147I | 1.1495°| I-1519 | 1.1543 | 1.1567 | 1.1590 | 1.1614 
7X | 1.1614 | 1.1638 | 1.166r | 1.1685 | 1.1708 | 1.1732 | 1.1756 
72 |'1.1756 | 1.1780 | 1.1803 | 1.1826 | 1.1850 | 1.1873'| 1.1896 
73 | 1.1896 | 1.1920 | 1.1943 | 1-1966 | 1.1990 | 1.2013 | 1.2036 
74 | 1.2036 | 1.2059 | 1.2083 | 1.2106 | 1.2129 | 1.2152] 1.2175 
75 | 1.2175 | 1.2198 | 1.2221 | 1.2244 | 1.2267 | 1.2290 | 1.2313 
76 | 1.2313 | 1.2336 | 1.2360 | 1.2382 | 1.2405 | 1.2427 | 1.2450 
77 | 1.2450 | 1.2473 | 1.2496'| 1.2518 | 1.2541 | 1.2564'| 1.2586 
78.| 1.2586 | 1.2609 | 1.2631 | 1.2654 | 1.2677 | 1.2699 | 1.2721 
79 | 1.2721 | 1.2744 | 1.2766 | 1.2789 | 1.2811 | 1.2833} 1.2856 © 
80 | 1.2856 | 1.2878 | 1.2900 | 1.2922 | 1.2945 | 1.2967 | 1.2989 
8x | 1.2989 | 1.3011°| 1.3033 | 1.3055 | 1.3077 | 1.3099] 1.3121 
Saul Letetal: t.3149.| 1.3165,| 1.3187.) Teg20on|) r-g2gR.\, 1.3952 
83 | 1.3252 | 1.3274 | 1.3296 | 1.3318 | 1.3340,| 1.3365.| 1.3383 
84 | 1.3383 |.1.3404 | 1.3426 | 1.3447 | 1.3469 | 1.3490°| 1.3512 
85 | 1.3542 |)£.3533 | 1-3555 | 1-3576 | 1.3597 | 1-3619 | 1.3640 
86 | 1.3640 | 1.3661 | 1.3682 | 1.3704 | 1.3725 | 1.3746 | 1.3767 
87 | 1.3767 | 1.3788 | 1.3809 | 1.3830 | 1.3851 | 1.3872 | 1.3893 
88 | 1.3893 | 1.3914 | 1-3935 | 1.3956 | 1.3977 | 1.3997 | 1.4018 
89°| 1.4018 | 1.4039 | 1.4060 | 1.4080] 1.4101 | 1.4t2r | 1.4142 


go.| 1.4142 
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TABLE FoR SPACING HoLes IN CIRCLES 


q Ez fe 7g 1 is i 
3 A a re 4 4 Re 
‘5 2 On On Om Os On Do 
Set) acs Sg | Seo | Sg | Cg | Bg) By 
6G eS sa | 34 SA aa + 3A 40 
sa| 8 g g g q g g 
Z A 4 4 A A A 4 
3 | 120 866 | 1.732 | 2.598 | 3.464 | 4.330 | 5.106 
4} 90 fOr) TeAt4, | © 2.27 2.828 | 3.536 | 4.243 
Sal 72 5§88.| 1.0764) 1.763 ol 2.35010) 2.9 gSxqleisesa7 
6 | 60 -500 | 1.000 I.500 | 2.000 | 2.500 |, 3.000 
malt roa! || PAs 868 | 1.302 | 1.736 | 2.170 | 2.604 
8 | 45 +383 -765\\| r.148 | 1.531. | 1.913 4} 2.206 
9 | 40 +342 -684 1.026 1.368 1e7LO) eatone: 
1o | 36 +309 618 9247 | 5.236, | T5450 54 
rr | 32°43! | -282 564 845 | 1.127 | 1.409 | 1.69x 
12) 5|}"30 +259 518 -776 T.035 1.294 | 1.553 
13 |) 27% 4r',) -239 .479 .718 .958 | 1.197 | 1.436 
4 | 25°42! | .222 “445 667 890i") Tire2 er 34 
15 | 24 208 .416 624 832 | 1.040 | 1.247 
16 | 22°30! | -195 +390 2585 -780 O75. diate ye 
7 | 21%rr’ | -184 .367 “551 735 918 | 1.102 
18 | 20 174 347 Apne 695 868 | 1.041 
19 | 18°57’ | -164 329 -493 .658 822 987 
20} 18 -156 318 -469 626 -782 937 


21 17°— 8’ | -149 298 447 +596 745 894 
22.| 16°22’ | -142 286 427 569 712 855 


23 15°30! -136 273 .409 545 -681 818 
24 |. 15 +130 261 +392 1522 -653 -783 
25 | 14°24’ | -125 .251 375 +50 627 +752 
26 | 13°51’ | -120 241 36 482 -602 723 
27 | 13°20/ | -116 +232 348 -464 -580 697 


Bowe weer! re 224 +336 448 +560 672 
20) 12 -—2c" | 168 216 324 -432 540. | > .648 
30 | 12 104 209 314 418 +522 627 
31 TI%~+37' | .ror +202 +303 -404 +505 .606 
32 | xZr—15’ || 1.008 -196 294 393 491 589 
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TABLE FoR SPACING Hoes IN CircLes—Continued 


dq g 1 eB z z te 
9° 3° le) ie} io} fe} ie} 
Be re P2802 a2] C207 PORT) Bs 
ag) < Sg) Sg [og | Bal Bg pee 
i A A 4 4 A A A 
3 | 120 6.062 | 6.928 | 7.794 | 8.660 | 9.526 | 10.392 
4| go 4.950 | 5.657 | 6.364 | 7.071 | 7-778 | 8.485 
Bi ye 4.115 | 4.702 5.290 | 5.878 | 6.465 7.053 
6 | 60 3.500 | 4.000 | 4.500 | 5.000 | 5.500 6.000 
7 | 51°25! | 3.037 | 3-471 | 3-995 | 4-339 | 4-773 | 5-207 
8 | 45 2.679 | 3.061 3.444 | 3.827 | 4.210 4.592 
9 | 40° 2.394 | 2.736 | 3.078 | 3.420 | 3-762 4.104 
to | 36 2.163 | 2.472 2.781 3.090 | 3-399 3-708 
rz | 32°43 | 1.973 | 2.254 | 2.536 | 2.818 | 3-100 3.381 
W2 ic 30 1.812 | 2.069 | 2.329 | 2.588 | 2.847 3-106 
13°| 27°41’ | 1.676 | 1.915 2.154 | 2.394 | 2.633 2.873 
14 | 25°40’ | 1.557] 1-779 | 2.000 | 2.224 | 2.446 2.669 


18 | 20 1.216 | 1.389 1.563 T2737 I.910 2.084. 
19 | 1857’ | r.r51 | 1.316 | 1.480 1.645 1.809 1.974 
20] 18 1.095 | 1.251 1.408 L504) | e727 1.877 


a5 | 14°24’ | .877| 1.003 | 1.128 | 3.253 | 1.379 1.504 


~ @ 
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from the table. A 10 to 1 layout is particularly convenient as fhe 
multiplication of the tabulated chords by 10 is readily performed 
mentally. 


TABLE FOR SPACING HOLES IN CIRCLES 


Tue table on pages 618 and 619 will be found of service when it 
is desired to space any number of holes up to and including 32, ina 
circle. The number of divisions or holes desired will be found in 
the first column, the corresponding angle included at the center 
being given as a convenience in the second column. Theremaining 
column heads cover various diameters of circles from 1 to 12 inches, 
and under these different heads and opposite the required number of 
holes will be found the lengths of chords or distances between hole 
centers for the given circle diameter. 

Thus, if it is required to space off 18 holes in an 8-inch circle, by 
following down the first column until 18 is reached and then reading 
directly to the right, in the column headed ‘‘Length of ‘Chord- 
Dia. 8,” will be found the distance 1.389 as the chord length for that 
number of divisions and diameter of circle. Or, suppose a circle of 
12 inches diameter is to be spaced off for a series of 27 holes to be 
drilled at equal distances apart: Opposite 27 found in the first 
column, and under the heading, ‘‘ Dia. 12,” will be found the chord 
1.393 as the length to which the dividers may be set directly for 
laying off the series of holes. 

If it is desired to Jay off a series of holes in a circle of some diam- 
eter not given in the table, say ro holes in an 114-inch circle, sub- 
tract the chord for ro holes in an 11-inch circle, or, 3.399 from the 
chord in the ‘‘ Dia. 12”’ column, or 3.708, and add half the difference 
(.154) to 3.3990, giving 3.553 as the chord or center distance between 
holes. Or, if 24 holes are to be equally spaced in a 20-inch circle, 
all that is necessary in order to find the chord, or center distance, is 
to find opposite 24, and in the column headed, “Dia. 10,” the 
quantity 1.305 and multiply this by 2, giving a lengthof 2.610 
nches as the center distance. 


TABLE OF SIDES, ANGLES AND SINES 


Tuer table on pages 621 to 625 is carried out for a much higher 
number of sides or spaces than are included in the preceding 
table and will be found useful in many cases not covered by that 
table. It was originally computed for finding the thicknesses of 
commutator bars and also for calculating the chord for spacing 
slots in armature punchings. In using this table the diameter of 
the circle is, of course, multiplied by the sine opposite the desired 
number of holes or sides. 

Assuming for illustration that a series of 51 holes are to be equally 
spaced about a circle having a diameter of 17 inches, opposite 51 in 
the column headed “No. of Sides,”’ find the quantity .o6156 in the 
column headed “Sine,” and multiply this quantity by 17. The 
product 1.0465 is the length of the chord or the required distance 
between centers of the holes for this circle. Or, if 40 equidistant 
points are to be spaced about a circle 16 inches diameter, opposite 
the number of sides, 40, will be found the quantity .o78459 which 
multiplied by 16 gives 1.255 inch as the distance between centers, 


SIDES, ANGLES AND SINES 


621 


MULTIPLY DIAMETER BY SINE TO GET LENGTH OF SIDE 
(Angle given is half of angle subtended at center) 


1 ; : 
Sides Deg. Mie Sec. Sine Sides Deg. Mae Sec. Sine 
3 | 60 8660254 52 | 3-27-41.53 0603784 
4 | 45 -7971007 |] 53 | 3-23-46-41 | .0592405 
5 | 36 +5877852 || 54~-}-3-20 0581448 
6 | 30 -5000000 55 | 3-16-21.81 0570887 
7. | 25=42—-51.42 -4338828 56 | 3=-12-51.42 0560704 
8 | 22-30 3826834 57 | 3- 9-28.42 0550877 
9 | 20- +3420201 58 | 3- 6-12.41 0541388 
ro | 18= +30901 70 BON 33-1 3.05 10532221 
Ir | 16-21-49.09 2817325 60 | 3- 0523360 
12 | 15= 2588190 Gr). 2=57-— 2.05 0514787 
I3 | 13-50-46.15; 2393157 62°] 2-54-11.61 0506491 
TA Ta—51—25.77 +2225208 63)')) 2-51-25 71 0498458 | 
Teese -2079116 64 | 2-48- 45 0490676 
16 | 11-15 -1950903 65 | 2-46- 9.23 0483133 
I7 | 10=35-17.64 -1837495 66 || 2-43-38.18 0475819 
18 || ro- -173048r 67 | 2-41-11.64 0468722 
Ig | 9-28-25.26 -1645945 68 | 2-38-49.41 0461834 
20 | gO -1564344 69 | 2-36-31.30 0455145 
21 8=34-17.14 -1490422 TOM Ra—24—1 704 0448648 
22 | 8-10-54.54 -1423148 7a \|2—32—16.76 0442333 
2B 7-49-33-91 -1361666 a2 \Vi2=20 0436194 
2A ih h7=30— -1305262 93 | 2-27-56.71 .04 30222 
25 2— 1253332 94 | 2-25-56.75 0424411 
26 | 6=55-23.07 1205366 TS ne 24— 0418757 
27 6-40 -T160929 TOUS 2-2—16.37 0413249 
28 | 6-25-42.85 -I119644 TTB 20-1 5260 0407885 
29 6-12-24.82 -1081189 78 | 2-18-27.69 0402659 
30 | 6- -1045284 49 | 2-16-42.53 0397565 
31 5-48—23.22 -IO0T1683 80 | 2-15- 0392598 
2¢ 5-37-30 098017 8ii'|) 2=13—20 0387753 
33°] 5-27-16.36 | 0950560 820)|\e p40 ae 0383027 
34 | 5-17-38.82 0922683 83°)\|\ 2=r0= 429 0378414 
35 | 5- 8-34.28 | .0896392 84 | 2— 8-34.28 037391 
36. |. 5- 0871557 || 85 | 2- 7- 3.54 | .0369515 
SLOP Oh I8 3e57 0848058 86 | 2— 5-34.88 0365220 
38 | 4-44-12.63 0825793 ST eA Noo 0361023 
39 | 4-36-55.38 0804665 88 | 2— 2-43.63 0356923 
40 | 4-30- 0784591 89 | 2— 1-20.89 0352014 
4I | 4-23-24.87 0765492 govi|i2— 0348995 
422) o'4=17— 8:57 0747301 gr | 1-58-40.87 0345160 
43 | 4-11- 9.76) 10729952 92 | I°57-23.47 0341410 
44 | 4~ 5-27.27] .0713391 93 | 1-56- 7.74 | .0337742 
45 | 4 0697565 || 94 | 1-§4-53.61 | .0334149 
46 | 3-54-46.95 0682423 95 | I-53-41.05 0330633 
47 | 3-49-47.23 0667926 96 | 1-52-30. 0327190 
48 | 3-45- 0654031 97 | I-51-20.41 0323818 
49 | 3-40-24.49 .0640702 98 | 1-So-12.24 0320515 
50 | 3-36- 0627905 |) 99 | 1-49- 5.45 | .0317279 
51 | 3-31-45.88 .06156cg || 100 | 1-48- 0314107 
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MULTIPLY DIAMETER BY SINE TO GET LENGTH OF SIDE 
(Angle given is half of angle subtended at center) 

No. Angl A a 
Sides'| Deg. Min, Seo. Sine | Sites Deg Mie Seen Sine 
IOI | 1-46-55.84 .0310998 L5 Laer I—3 7.20 -0208037 
102 | 1-45-52.94 10307950 Te2ouraTi—| 3.05 .0206668 
103 | I-44-51.26 03040961 I53 | I-10-35.29 0205318 
104 | 1-43-50.76 0302029 154 | I-I0— 7.79 0203085 
IO5 | I-42-51.42 0299154 155 | I- 9-40.64 0202669 
106 | 1-41-53.20 0296332 156 | 1- 9-13.84 0201370 
107 | I-40-56.07 029 3504 TH Zou o—47-38 .0200087 
ro8 | 1-4o- 0290847 DHS or o—21.20 0198821 
Tog | 1-39- 4.95 | .0288179 |} 159 | 1- 7-55.47 | 0197577 
IIO | 1-38-10.90 0285560 160: | I= 7-30 0196336 
III | 1-37-17.83 0282488 16r | 1- 7— 4.84 O1Q5117 
112 | 1-36-25.71 0280462 162 | 1- 6-40 0193913 
113} 1-35-34.51 0277981 163 | 1- 6-15.46 0192723 
II4 | 1-34-44.21 0275543 164 | I- 5-51.21 0191548 
II5 |. 3-33-54.78 0273147 165) I= 5-27.27 -0190387 
116 | 1-33- 6.20 02707093 166 | 1— 5— 3.61 -0189 241 
117 | 1-32-18.46 0268479 167 | I- 4-40.23 .01 88107 
118 | 1-31-31.52 0266204 168 | 1— 4-17.14 -0186988 
IIQ | 1-30-45.38 0263968 169 | I— 3-54.31 -0185881 
120 | 1I-30- 0261769 D7OAS Tee 3-310) -0184788 
I2I | I-29-15.37 0259606 I7I | I- 3- 9:47 -0183708 
122 | 1-28-31.47 0257478 172 | I= 2-47.44 -0182640 
123 | 1-27-48.29 0255386 I73, |: I— 2-25.66 -0181584 
124 | 1-27- 5.80 0253326 || 174 | 1- 2- 4.13 -01805 41 
125 | 1-26-24 0251300 175 | I- 1-42.85 0179509 
126 | 1-25-42.85 02.49 306 176 | 1-— 1-21.81 0178489 
127 | 1-25— 2.36 0247344 || 177 | I- I- 1.01 0177481 
128 | 1-24-22.50 0245412 178 | 1- 0-40.44 .0176484 
129 | 1-23-43.25 0243509 || 179 | I- 0-20.11 20175498 
130 | 1-23— 4.61 0241637 180 Jotms. - 0174524 
I3I | 1-22-26.56 0239793 181 —59-40.11 0173559 
132 | I-21-49.09 0237970 182 —59-20.43 0172605 
133 | I-21-12.18 0236188 183 —59- 0.98 0171663 
134 | 1I-20-35.82 0234425 184 | - —58-41.73 0170730 
135 | I-20- 0232089 185 —58-22.70 .0169807 
136 | 1-19-24.70 0230978 || 186] —58— 3.87 0168894 
137 | 1-18-49.92 0229292 187 57-45-24 .0167991 
138 | 1-18-15.65 0227631 188 | -57-26.30 0167097 
139 | 1-17-41.87 .0225994 189 =57— Si57 0166214 
140]. 1-17- 8.547 0224380 190 —56-50.52 01653390 
141 | 1-16-35.74 0222789 IQI —5 6-32.67 0164473 
142 | 1-16- 3.38 0221220 192 —56-15 0163617 
143 | I-15-31.46 0219673 193 —§5-57-51 0162769 
144 | I-15- 0218148 194 —55-40.20 ,0161930 
145 | I-14-28.96 0216644 195 —55-23.07 sOL61100 
146 | 1-13-58.35 0215160 196 | —55— 6.12 0160278 
147 | I-13-28.16 0213697 197 54-49 34 0159464 
148 | 1-12-58.37 0212253 198 =54-32.72 0158659 
149 | I-12~28.99 0210829 199 —54-16.28 20157862 
150] I-12~ 0209424 || 200 | —54— 0157073 


SIDES, ANGLES AND SINES 
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MULTIPLY DIAMETER BY SINE TO GET LENGTH OF SIDE 
(Angle given is half of angle subtended at center) 


Sides |“ Min See Sine |Site | niin Sec, Sine 
201 5 3-43.88 0156244 251 43- 1.67 0125160 
202 53-27.92 0155518 |)252] 42-51-43 0124663 
203 bSxi2s12 0154752 || 253>+—42-41.26 OL24171 
204. 52-56.47 0153993 254 | 42-31.18 0123682 
205 52-40.97 0153242 255 | 42-21.18 -O123197 
206 5 2-25.63 0152498 || 256] 42—-11.25 -OT22715 
207 52-10.44 0151764 || 257 | 42- 1.40 0122238 
208 51-55-38 O15 1033 258 | 41-51.63 0121704. 
209 51-40.48 0150310 1259] 41-41.93 OT21294 
210 51-25.71 0149595 || 260] 41-32.31 0120827 
ai 51I-I1.09 0148886 || 261 41-22.76 0120364 
212 50-56.60 0148183 || 262 41-13.28 OTIQQ05 
213 50-42.25 0147487 || 263 | 41- 3.88 OT19449 
214 50-28.04 0146708 264 40-54.54 0118997 
pone; 50-13.96 OT4O61I5 || 265 40-45 .28 0118548 
216 50- 0145439 266 40-36.09 sorr8102 
217 49-46.17 0144769 || 267 40-26.96 0117660 
218 49-32.48 .OT44104 268 40-1 7.91 -O1I 7221 
219 49-18.91 0143446-|| 269 | 4o- 8.93 0116786 
220 49- 5.46 0142704 270 40- 0116353 
221 48-52.13 0142148 || 271 39-51-14 -OI115923 
222 48-38.92 OT4I508 |}272 | 39-42.35 -OL15497 
223 48-25.83 0140874 || 273 39-33-63 OLI5074 
224 48-12 .86 ,O140245 274. | 39-24.96 0114654 
225 48- 0139622 || 275 39-16.36 0114237 
2206 47-47.20 0139004 || 276 30- 7.83 0113823 
227 | 47-34.63 0138392 277 | 38-59.35 -O113412 
228 47-22.11 0137785 278 | 38-50.94 -OII 3004 
229 47— 9.69 0137183 [1279 | 38-42.58 20112599 
230 46-57-39 0136587 || 280 | 38-34.28 <OTI2107 
231 40-45.19 0135995 281 38-26.05 -O1I1798 
232 40-33.10 0135409 282 38-17.87 -OLII4OI 
233 46-21.11 0134828 283 38- 9.75 -OLI1008 
234 46- 9.23 0134252 284 | 38- 1.69 -OL10617 
235 45-57-45 0133681 285 37-53-68 .OL10229 
230 | 45~-45.76 0133115 || 286} 17-45.73 0109844 
237 45-34-18 0132553 287 37-3784 0109461 
238 45-22.69 0131996 || 288 | 37-30 OL0go81 
239 45~I1.29 0131444 || 289 | 37-22.21 -0108704 
240 |  45- 0130896 || 2900] 37-14.48 2108329 
241 44-48 .80 0130353 ||]291 | 37- 6.80 0107957 
242 44-37 .08 0129814. 2092 36-59.18 0107587 
243 | 44-26.67 0129280 || 293 | 36-51.60 .0107220 
244 44-15.74 0128750 || 294 | 36-44.08 0106855 
245 44- 4.90 0128225 295 36-36.61 0106493 
246 4354.15 0127704 |}296| 3629.19 0106133 
247 43-43-48 0127187 207 36-21.82 0105776 
248 43-32.40 0126674 || 208] 36-14.50 0105421 
249 43-22 .41 0126165 || 2909 | 36- 7.22 0105068 
260 | 43-12 0125661 |} 300! 36- 0104718 
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MULTIPLY DIAMETER BY SINE TO GET LENGTH OF SIDE 
(Angle given is half of angle subtended at center) 


7 : Jo. J z 
Sides Min Sec. Sine ides Min Sec. Sine 
301 35-52.82 0104370 351 30-46.15 .0089502 
302 35-45 -69 0104024 352 30-40.91 0089248 
303 35-38.61 20103681 353 30-35 .69 0088996 
304 3531.58 0103340 |] 354 30-30.51 .0088744 
305 | 35-24-59 sOTOZ001 || 355 | 30-25.35 0088494 
306 8517205 0102665 || 356] 30-20.22 0088245 
307 3510.75 0102330 || 357 30-15 .12 0087998 
308 35- 3.90 ororg98 || 358 30-10.05 0087753 
309 34-57.09 0101668 || 359 30— 5.01 0087508 
310 34-50.32 .0101340 || 360] 3o- 0087265 
311 34—43.60 sororo14 = || 361 20-55 .O1 0087023 
312 34-30.92 s0r00690 || 362 290-50.05 0086783 
313 34—30.29 0100368 || 363 290-45 .12 0086544 
314 34-23.69 s0100049 || 364 | 29-40.22 0086306 
315 34-17.14 0099731 365 29-35 -34 .0086070 
316 34-10.63 0099415 || 366 | 29-30.49 0085835 
Bi 34- 4.16 20099102 || 367 29-25 .67 .0085 601 
318 33-57-74 0098791 || 368 290-20.87 .0085 368 
319 33-51-35 0098482 || 369 29-16.10 0085137 
320 33745 0098174 || 370 29-11 .35 0084907 
321 33-38.69 0097868 || 371 29- 6.63 0084678 
322 33-32-42 0097564 || 372 29- 1.94 0084451 
323 33-20.19 0097261 373 28-57.27 0084224 
324 33-20 0096961 374 28-5 2.62 0083999 
325 33-13.85 0096663 || 375 28-48 0083775 
326 335 7-73 .0096367 || 376} 28-43.40 0083552 
327 33- 1.65 .0096072 377 28-38.83 0083331 
328 32-55.61 0095779 || 378 | 28-34.28 0083110 
329 32-49 .60 0095488 || 379 28-29.76 .0082891 
33° 32-43-64 0095198 || 380 | 28-25.26 0082673 
331 32-37-70 0094911 381 28-20.78 0082456 
332 32-31.81 0094625 382 28-16.33 .0082240 
333 32-25.95 20094341 || 383 28-11.91 0082025 
334 32-20.12 20094059 || 384 28-— 7.50 0081812 
335 32-14.33 0093778 || 385 28— 3.12 0081599 
336 | 32~ 8.57 0093499 || 386)  27-58.76 0081387 
337 Bo 205 2009 3221 387 27-54.42 .0081177 
338 31-57-16 0092945 || 388 27-50.10 0080968 
339 3I-51.50 .0092671 || 389 | 27-45.8r 0080760 
34° 31-45 .88 0092398 390 24-41 .54 0080553 
341 31-40.29 0092127 || 391 27-37 .29 0080347 
342 31-34-74 0091858 || 3902 27—33.06 .0080142 
343 31-29.21 0091590 |! 393 27-28.85 0079938 
344 | 31-23.72 0091324 || 394 | 27-24.67 10079735 
345 31-18.26 0091059 || 305 2720.51 10079533 
346 31-12.83 0090796 || 396 27-16.36 0079332 
347 3I- 7-44 0090534 || 397 2712.24 80079132 
348 3I- 2.07 .0090274 |} 398 2q- 8.14 00780 34 
349 30-56.73 0090016 |] 399 27= 4.06 .0078736 
35° 30-51.43 0089758 || 400 bly 0078534 
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MULTIPLY DIAMETER BY SINE TO GET LENGTH OF SIDE 
(Angle given is half of angle subtended at center) 


No. A : i 

Sides | Min Se. Sine Ses Fence Sine 
401 26-55.96 0078343 || 451 23-50.81 2069658 
402 26-51.94 0078148 || 452 23-53.03 0069504 
403 20-47.94 0077954 11453 23-50.46 0069351 
404 26-43.96 0077761 || 454 23-47 .31 0069198 
405 26-40 0077569 ||455 | 23-44.17 0069046 
406 26-36.06 20077378 1456 | 23-41.05 0068894 
407 26-32.14 0077188 || 457 23-37.94 0068744 
408 26-28.23 0076999 =|/458 | 23-34.84 0068594. 
409 26-2435 00076811 || 459 23-31.76 0068444 
410 26-20.49 0076623 ||/460 | 23-28.69 0068295 
4II 26-16.64 0076437 461 23-25 .64 .0068147 
412 26-12.82 0076251 || 462 23-22 .60 .0067999 
413 26— 9.01 0076067 = || 463 23-19.57 0067852 
414 26-— 5.22 0075883 || 464 23-16.55 0067706 
415 26- 1.45 0075700. || 465 23-13-55 0067561 
416 25-57-70 0075518 ||466 | 23-10.56 0067416 
417 25-53-96 0075337 || 467 Phe Sifeisge’ 0067272 
413 2550.24 00075157. ||468 | 23- 4.61 0067128 
419 2546.54 0074977 || 469 23- 1.66 0066985 
420 25-42 .86 0074799 || 470 22-58.72 0066842 
42z 25-39-19 0074621 || 471 22-55-79 .0066700 
422 25-35-54 0074444 || 472 22-52.88 0066559 
423 25-31.91 0074268 || 473 22-49 .98 0066418 
424 25-28.30 0074093 || 474 2274709 .0066278 
425 25-24.70 0073919 «|| 475 22-4421 0066138 
426 2521.12 0073745 ||.476 22-41 .34 .0065999 
427 25-1756 10073573 || 477 22-38.49 0065861 
428 25-14.02 0073401 || 478 22~-35.05 .0065723 
429 25—-10.49 20073230 || 479 22-32 .82 0065585 
430 25—- 6.98 0073059 480 22-30 .0065449 
431 25— 3.48 0072890 || 481 22-27.20 0065313 
432 25- 20072721 || 482 22-24.40 0065178 
433 24-56.54 0072553 483 22-21.01 0065043 
434 24-5 3.09 0072386 484 22-18.84 0064909 
435 24-49 .66 0072220 || 485 22-16,08 0064775 
430 2440.24 0072054 || 480 22-13.33 .0064641 
437 24-42.84 0071889 487 22-10.59 0064509 
438 24-30.45 0071725 || 488 | 22- 7.87 0064377 
439 24-36.08 .0071562 489 22- 5.16 0064245 
440 24-32.73 0071399 |/490 | 22- 2.45 0064114 
441 24-20 .39 .0071237. || 491 21-59-75 0063983 
442 24-26.06 20071076 || 492 21-57.07 0063853 
443 | 24-22.75 0070916 || 493 21-54.40 0063723 
444 24-19.46 20070756 {1494 | 2%-51.74 0063594. 
445 24-16.18 0070597 || 495 21-49 .09 0063466 
446 | 24-12.91 0070439 ||496 |  21-46.45 0063338 
447 24-— 9.66 0070281 || 497 21-4382 006321 
448 24— 6.43 .0070124 |! 498 2I-41.20 .0063084. 
449 2A—| 3.20 0069968 || 499 21-38.59 .0062957 
45° 24- .0069813 || 500 21-36 .0062841 
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LENGTHS OF CIRCULAR ARCS 


TueE table gives the lengths of circular 
arcs to the radius of one, for angles from 1 
to 180 degrees. The lengths for minutes 
of arcs are given at the right. 

To find the length of a circular are with 
radius of 1 inch and angle of 45 degrees 20 
minutes. Opposite 45 degrees find 0.7854, 
and opposite 20 minutes o.cos8. Adding 
these gives 0.7912 inch as the length of arc. 


e radius is 2 inches, multiply the lengths in the table by 2. 


LENGTHS OF CIRCULAR ARCS TO RADIUS OF I 


Length De- Length 


gree 


De- 


Length Length |Min.| Length |Min.| Length 


0.0000 | 45 | 0.7854 
0.0175 | 46 | 0.8029 
0.0349 | 47 | 0.8203 
0.0524] 48 | 0.8378 
0.0698 | 49 | 0.8552 
0.0873 | 50 | 0.8728 
0.1047 | 51 | 0.8901 
0.1222 | 52 | 0.9076 
0.1396 | 53 | 0.9250 
0.1571 | 54 | 0.9425 
0.1745 | 55 | 0.9500 
0.1920 | 56 | 0.9774 
0.2004 | 57 | 0.9948 
0.2269 | 58 | 1.0123 
0.2443 | 59 | 1.0207 
0.2618 | 60 | 1.0472 
0.2793 | 61 | 1.0647 
0.2967 | 62 | r.o82t 
0.3142 | 63 | 1.0996 
0.3316 | 64 | I.I170 
0.3491 | 65 | 1.1345 
0.3665 | 66 | 1.1519 
0.3840 | 67 | 1.1604 
0.4014 | 68 | 1.1868 
0.4189 | 69 | 1.2043 
0.4363 | 70 | 1.2217 
0.4538 | 71] 1.2392 
0.4712 | 72 | 1.2566 
0.4887 | 73 | 1.2741 
0.5061 | 74 | 1.2915 
0.5236 | 75 | 1.3090 
0.5411 | 76 | 1.3265 
0.5585 | 77 | 1.3439 
0.5760 | 78 | 1.3614 
9.5034 | 79 | 1.3788 
0.6109 | 80 | 1.3963 
0.6283 | 81 | 1.4137 
0.6458 | 82 | 1.4312 
0.6632 | 83 | 1.4486 
0.6807 | 84 | 1.4661 
0.6981 | 85 | 1.4835 
0.7156 | 86 | r.50r0 
0.7330 | 87 | 1.5184 
0.7505 | 88 | 1.5359 
0.7679 | 890 | 1.5533 


90 | 1.5708 | 135 | 2.3562 
OI | 1.5882 | 136 | 2.3736 
92 | 1.6057 | 137 | 2.3011 
93 | 1.6232 | 138 | 2.4086 
94 | 1.6406 | 139 | 2.4260 
95 | 1-658 | 140 | 2.4435 
96 | 1.6755 | 14r | 2.4609 
97 | 1.6930 | 142 | 2.4784 
98 | 1.7104 | 143 | 2.4958 0.0023 | 53 | 0.0154 
99 | 1.7279 | 144 | 2.5133 0.0026 | 54 | 0.0157 
I0o | 1.7453 | 145 | 2.5307 | Io | 0.0029] 55 | O.0160 
Ior | 1.7628 | 146 | 2.5482 | rr | 0.0032 | 56 | 0.0163 
Io2 | 1.7802 | 147 | 2.5656 | 12 | 0.0035 | 57 | 0.0166 
103 | 1.7077 | 148 | 2.5831 | 13 | 0.0038 | 58 | 0.0169 
104 | 1.8151 | 149 | 2.6005 | 14 | 0.0041 | 59 | 0.0172 
Ios | 1.8326 | 150 | 2.6180 | 15 | 0.0044 | 60 | 0.0175 
106 | 1.8500 | 15x | 2.6354 | 16 | 0.0047 
1o7 | 1.8675 | 152 | 2.6529 | 17 | 0.0050 
108 | 1.8850 | 153 | 2.6704 | 18 | 0.0052 
Tog | 1.9024 | 154 | 2.6878 | 19 | 0.0055 
I10 | I.9199 | 155 | 2.7052 |] 20 | 0.0058 
III | 1.9373 | 156 | 2.7227 | 2% | 0.0061 
112 | 1.9548 | 157 | 2.7402 | 22 | 0.0064 
113 | 1.9722 | 158 | 2.7576 | 23 | 0.0067 
114 | 1.9897 | 159 | 2.7751 | 24 | 0.0070 
II§ | 2.0071 | 160 } 2.7925 | 25 | 0.0073 
116 | 2.0246 | 16x | 2.8100 | 26 | 0.0076 
I17 | 2.0420 | 162 | 2.8274 | 27 | 0.0070 
118 | 2.0595 | 163 | 2.8440 | 28 | 0.0081 
IIg | 2.0769 | 164 | 2.8623 | 29 | 0.0084 
I20 | 2.0044 | 165 | 2.8798 | 30 | 0.0087 
I2I | 2.1118 | 166 | 2.8972 | 31 | 0.0090 
I22 | 2.1293 | 167 | 2.9147 | 32 | 0.0003 
123 | 2.1468 | 168 | 2.9322 | 33 | 0.0006 
124 | 2.1642 | 169 | 2.9496 | 34 | 0.0099 
125 | 2.1817 | 170] 2.9671 | 35 | 0.0102 
126 | 2.1991 | 171 | 2.0845 | 36 | 0.0105 
127 | 2.2166 | 172 | 3.0020 | 37 | 0.0108 
128 | 2.2340 | 173 | 3.0104 | 38 | o.orr1 
129 | 2.2515 | 174 | 3.0360 | 390 | 0.0113 
130 | 2.2690 | 175 | 3.0543 | 40 | 0.0116 
I3I | 2.2864 | 176 | 3.0718 | 41 | 0.0119 
132 | 2.3038 | 177 | 3.0802 | 42 | 0.0122 
133 | 2.3132 | 178 | 3.1067 | 43 | 0.0125 
134 | 2.3387 | 179 | 3.1241 | 44 | 0.0128 


0.0000 | 45 | 0.0131 
0.0003 | 46 | 0.0134 
0.0006 | 47 | 0.0137 
0.0009 | 48 | 0.0140 
0.0012 | 49 | 0.0143 
0.0015 | 50 | 0.0145 
0.0017 | 51 | 0.0148 
0.0020 | 52 | 0.0151 
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BOLT HEAD UPSETS 627 


Actua, CuTrinc SPEED OF PLANERS IN FEET PER MINUTE 


Forward Cut- Return Speed 
ting Speed 
in Feet 

per Minute 2tor 3tor |4tor| stor 6toz ztor | 8tor 
20 F323)" Sy 16 | 16.66 | 127.14 | D5 17.76 
25 16.6 | 18.75 20 | 20.83 | 21.42 | 21.87 22.16 
30 20. 22.5 2A 25. 25-71 | 26.25 | 26.56 
35 33.3 | 20.25 28 | 29.16 | 30. 30.62 | 31.04 
40° 26.6 | 30. Brea 33 il Ae zo Nl aoe 35.52 
45 30. | 33-75 | 36 | 375. | 38.56 | 39.37 | 40. 
5° 33-3 | 37-5 4o | 41.06 | 42.84 | 43.75 | 44.48 
55 30.6 | 41.25 | 44 | 45.83 | 47-12 | 48.12 | 48.95 
60 40. 45- 48 | 50. 51.42 | 52.50 | 53-43 
65 43-3 | 48.75 | 52 | 54-16 | 55.70 | 56.87 | 57.91 
70 40.0 | 52.5 56 | 58.33 | 60. 61.25 | 62.3 
75 50. 56.25 | 60 | 62.5 64.28 | 66.62 | 66.71% 


The table shows clearly that a slight increase in cutting speed is 
better than high return speed. . A 25-foot forward speed at 4 to 1 
return is much better than 8 to 1 return with 20-feet forward speed. 
Economical planer speeds are given below (Cincinnati Planer Co.). 


Cast Iron roughing. . . 40 to so ft.; finishing. . . 20 to 25 ft. 
Steel casting and wrought iron roughing 30 to 35 ft.; finishing 20 ft. 
Bronze and brass . . . 50 to 60 ft.; Machinery steel . 

30 to 35 ft. 


ALLOWANCES FOR BOLT HEADS AND UPSETS 
Stock ALLOWED ror STANDARD Upsets By AcME MACHINERY Co. 


Zin. Upset to %in, Length of Upset, 3 in. Stock required, r{ in. 
“e “ce + “ “ 6c 34 “ oe (79 1% “ce 

“ “ce q “ “ “ 2% “ “cc “ 4 “ 

¢ “ce “e It “ “cr “cc 4 “ “ “ec 22 “ 
I “cc “ec 1+ if “ce “ 4 “ce its “ce 22 “e 
It “ “ 3 “ce “ “ 44 “cc “cc “ 24 “cc 
14 “ “c 14 “ “ce “cc 44 73 “ “ 24 “ 
12 “ “ 13 “ “c “ 5 “ “ “ee 24 “ 
1% “ “cc 13 “ce “ce “cc 5 “cc “cc “ 2 “oc 
iF “ce “ce 1g “ “cc “cc 5 “ce 73 a 2t “ 
iy “cc “ t tf “ “ce “ce Be “ec “ “ 1f “ 
ii “ce “ce 2 “ee “cc “ 5a “ce “ “ 12 “ 
if “cc “ 24 “ee “cc “co 6 “ “ce “ 2 “ 
2 “ee “cc 23 “ “ce “ae 6 “ce “ “ 2} “ 
2 “ “ce 24 “ “ac ce 6 “ “ “ 34 “ 
at “ “ce 2% “ee “ce “ce 64 “ “ce “cc 24 “ 
2h. “ “ 2k “ce “cc “ 64 73 “ “ 2h “ 
22 “ce “e 33 “ “ce “ce ar “ce “ ce 2 “ 
3 “ a3 33 “ “ “ 7 “ is3 “ 2% “ 
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Stock RequirED TO Maker AMERICAN STANDARD Bott Heaps 
AND Nuts—RoucH 


‘NATIONAL MACHINERY CO. 


Bott Heaps Nots 
SQUARE OR HEXAGON SQUARE OR HEXAGON 
Size Stock 
aera heel aes 
Size | hort | Thick- prot | Diameter |Thick- Hexagon 
of Bolt eer ness fee Hole ness 
Square Age Width Lionel 
in in in in. in in, in in in in 
3 t Ids Ide 4 ye scant t a4 ug 
rs 3 ag 1% Irs 33 % scant to 4h ve 
i i 44 1} 14 i 3 scant 3 2 43 
Vo 38 3 1% 14 33 se vs 33 ag 
t t ve 133 14 t 43 scant + 1 4b 
ve ab 34 113 1g gb ay 16 32 43 
& Try 43 2 133 Ize 4 full § I 4h 
i it 5 2da | x18 1t § scant i Irs 13 
t Ix 3 24 2a Ire 4] scant t 13 4 
I rf 3 2% 2} 1% 43 scant I Ir'y Irs 
1} 113 32 | 3 2k2 | xs $§ full 1} 1} 1i6 
1} 2 I 34 23% 2 Ty's full 1} 1% 1} 
1} ays | Ise | 3x5 | 93 v5 | Tay full 13 2v5 | th 
1b 23 Irs 3t8 316 2% 13y full 13 2t 1% 
1§ axe | Ide | 4xe | 34. avs | xh$scant | 1§ are | 1% 
1} at 1} 43 3% 22 14 scant 1} at 1f 
It 238 143 4$ fi 2th 1} scant 1% 243 | 2 
2 3% Irs | 4% 4t 3h 1g} scant | 2 34 ae 
2t 34 1} srs | 43! 34 1§4 scant | 2} 33 25 
2} 3% THE | 58 | sis | 38 2%6 24 3t 2t 
24 44 2 6s | 5 4t avs 2} 4h 24 
3 43 2%s | 7 Ors | 4% 2th 3 43 3t 
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BOARD FEET 
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QUICK WAY OF ESTIMATING LUMBER FOR A PATTERN 


Mottrety length, breadth, and thickness in inches together and 
this by 7, pointing off three places. 

Board 8 inches wide, 18 inches long, 1 inch thick. 8 XK 18 X 1 
X 7 = 1.008 square feet. This is .oo8 too much, but near enough 
for most work. Board 13 X 10 X 36 = 540 X 7 = 3.780. The 
correct answer is 3.75. 


TABLE GIVING PROPORTIONATE WeIGHT oF CASTINGS TO WEIGHT 
or Woop PATTERNS 


A Pattern 

Weighing One 

Pound Made of fice Brass Copper | Bronze ee | Zine 
(Less weight of 

Core Prints) 
Pine or Fir..| 16 18.8 19.7 19.3 17 15.5 
Odgk i parancte 9 IO.1 10.4 10.3 10.9 8.6 
Beéch’ 70 9-7 10.9 11.4 as. Ir.9 Q.1 
Linden”... 13.4 Toar 16.7 15.5 16.3 12.9 
Heat. seoncys I0.2 11.5 11.9 11.8 12.4 9.8 
Birch. #324 + 10.6 11.9 12.3 12.2 12.9 10.2 
Aldermis% 5)" "12.8 14.3 14.9 14.7 15.5 12.2 
Mahogany ..| 11.7 13.2 rane pze5 14.2 Tid 
Brass svsjs-04 0.85 0.95 0.99 0.98 I.0 0.81 


DrEGREES OBTAINED BY Oprntnc A Two-root RULE 


Degrees Inches Degrees Inches Degrees Inches 
I 2 Toi 3.12 55 11.08 

2 -422 20 4.17 60 Te 
3 -633 25 ISReDt 65 12.89 
4 837 30 6.21 70 13.76 
5 1.04 35 7.20 15 14.61 
7-5 1557 40 8.21 80 15-43 
Bde} 2,00 45 9.20 oh “16.21 
1405 3.015 50 10.12 go DEO. 07 


Open a two-foot rule until open ends are distance apart given 
in table when degrees given in table can be scribed. Same results 
can be had with two 12-inch steel scales placed together at one end. 
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WEIGHT OF FILLETS 


To facilitate the calculations of the weights of the different parts 
of a machine from the drawings, the accompanying table of areas or 
volumes of fillets having radii from ;'; to 3 inches can be used. It 


has been calculated for fillets connecting sides that are at right 
_ angles to each other. 


TABLE OF AREAS OR VOLUMES OF FILLETS 


Radius of Area or Volume Radius of Area or Volume 

Fillet of Fillet in Sq. Fillet of Fillet in Sq. 

in Inches or Cubic Inches in Inches or Cubic Inches 
as .0008 175 -5240 
.0033 1% 5067 
ts 0075 143 6119 
4 0134 1¢ 6572 
ts .0209 14$ *7050 
t -0302 rf “7543 
qs 0410 133 .8056 
3 -0537 2 8584 
ts .0678 ary -91 29 
g .0838 ok .9690 
44 1013 aabs 1.0269 
3 +1207 at 1.0864 
té +1417 216 1.1475 
4 1643 2} 1.2105 
+3 1886 ars 1.2749 
I +2146 24 1.3413 
Izy +2423 275 1.4086 
It 2716 2g 1.4787 
175 3026 24h 1.5500 
14 3353 24 1.6229 
175 3697 2h 1.6869 
1% -4057 Ae 1.7739 
175 4434 at 1.8518 
14 48209 3 1.9314 


To find the volume of a fillet by this table when the radius and 
length are given, multiply the value in the table opposite the given 
radius by the length of the fillet in inches, and this result multiplied 
by. ee weight of a cubic inch of the material will give the weight of 
the fillet. 


LAYING OUT A SQUARE CORNER 
It sometimes happens that we wish to lay out a perfectly square 


corner and have no square of any kind handy. Here is a way that 
requires nothing but a scale or rule, or even a straight stick with- 
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out any graduations whatever will do. Using this stick, draw a 
line as A-C (Fig. 1) and at one end of this draw the line B D at 
any angle. This line must be straight, twice as long as A C and 
of equal length each side of the point C. Then if you join points 
DA B, you have an exact right-angle or square corner. 


A 
i ee ae ee ax 
B (o% ty D B Cc D 
Fic. 2 


HIGE i 


Fig. 2 is simply another example of this, in which the line A C 
tias been drawn at a very different angle to show that it works in 
any position. Joining the ends D A B as before also gives an exact 
right angle. 


ANOTHER METHOD 


Another method is by what is known as the 6, 8 and tro rule. 
This means that if a triangle has sides in the ratio of 6, 8 and ro, the 
angle is 90 degrees. Lay down a line 6 units long, either inches, feet 
or yards. Lay off another line 8 units long as nearly right angles as 
possible. Measure across the ends of the two lines and adjust until 
this distance is 10 units, which makes it a right angle. These dis- 
tances may be 3, 4 and 5; 12, 16 and zoorany combination in this 
ratio. It is largely used in laying out large corners. 
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TaBLE SHowinc VoLuMES AND Rap oF SPHERES HavING 
Capacities or } Pint anp jy Lirer AND MULTIPLES 


THEREOF 

Volume in | Radius of Volume in | Radius of 
Pints Cubic Sphere Liters ~~ Cubic Sphere 

Inches in Inches ~~ Inches in Inches 

“Bye Tee hs By RA eR 2S OE A See eee 
0.25 7.21875 I.1989 o.r 6.10302 I.1290 
0.50 I4.43750 I.5105 0.2 12. 20604 1.4280 
On75 21.05625 1.7201 0.3 18.3000 1.6350 
1.00 28.87500 I.9031 0.4 24.41208 I.7910 
bh. 25 36.090375 2.0501 0.5 30.51510 1.0383 
1.50 43 .31250 2.1785 0.6 36.61812 2.0600 
1.75 50.53125 2.29034 0.7 42.72114 2.1836 
2.00 57-75000 2.3978 0.8 48 .82416 2.26073 
2.25 64.96875 2.4938 0.9 54.92718 2.3581 
2.50 72.18750 2.5838 1.0 61 .03020 2.4424 
2.75 79.10625 2.6664 es 67 .13322 25203 
3.00 86.62500 2.7423 1. 2 73.23024 2.5954 
3.25 93 .84375 2.8107 I.3 79 .33920 2.6050 
3.50 IOT,06250 2.8805 1.4 85.44228 2.7322 
275, 108. 28125 2.9506 1). 5 91I.54530 2.7936 
4.00 II5.50000 3.0211 rE.6 97.64832 2.8566 
(as) 122.71875 3.0827 Ty 103.75134 2.9149 
4.50 129.93750 3.1420 1.8 109.85436 2.9716 
4-75 137. 15025 3.1992 1.9 I15.95738 3.0252 
5.00 I44.37500 3.2543 2.0 122.06040 3.0772 
5.25 151.59375 3.3077 2. 128. 16342 3.1275 
5.50 158.81250 3.3594 2.2 134. 26044 3.1765 
5.75 (166 .03125 3.4095 2.3 I40. 36946 3.2240 
6.00 173 .25000 3.4583 2.4 146.47248 3.2700 
6.25 180.46875 3.5056 2.5 I52.57550 3.3148 
6.50 187.68750 3.5518 2.6 158.67852 3.3584 
6.75 194.90625 3.5067 eaeteY 164.78154 3.4010 
7.00 202.12500 3.6406 2.8 170.88456 3.4424 
7.25 209.34375 3.6834 2.9 176.098758 3.4830 
7.50 216.56250 3.7253 3.0 183 .09060 3.5226 
i APY is) 223.78125 3.7062 3-2 189.19362 3.5613 
8.00 231.00000 3.8063 3.4 195.29664 3.5991 
Volume of sphere = 4mr3 3.3 201 ..39966 3.6363 
mw = 3.141502 3.4 207.50268 3.6725 
4m = 4.18879 3-5 213.60570 3.7082 
I liter = 0.2642 U.S. gallon or 3.6 219.70872 3.7432 
1.0568 quarts 3-7 225.81174 3.7775 
3.8 231.91476 3.8113 
3.9 238.01778 | 3.8445 
4.0 244.12080 3.8770 
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CROSS-SECTIONS TO DESIGNATE DIFFERENT 
MATERIALS 


There is no universally adopted standard for designating materials 
on drawings, and, the subject is under consideration bythe A.E.S. CS 
the accompanying standards are those of the General Electric Co. 
This gives three markings for different steels, while some use a 
single light and a heavy line for all steels. 


Z. 


Ul 


CAST /JRON WOT IRON CAST STEEt 


WOT. STEEL NICKEL STEEL 
MALL.IRON GALV. IRON SOFT STEEL: MCH. ST! 
SHEET IRON i Ce Seay BILLET STEEL 


L 
STEEL BABBITT 


BRASS BEARING METAL 


VULCANITE 


NICKEL PIONEL METAL 


CEMENT 
CEMENT & TILING 


LZ, 
a ab 22. 
BRICK CONCRETE 


COURSED UNCOURSED STONE 
RUBBLE RVBBLE 


SLATE, MARBLE MICA 
PORCELAIN 
" STONE CELLULOSE INSULATING LEATHER FIBER. 
MATERIAL RUBBER INSULATIONS 


FELT 


Cross-section Standards Used by the General Electric Co. 


WIRE GAGES AND STOCK WEIGHTS 
TWIST DRILL AND STEEL WIRE GAGE SIZES 


Tue Twist Drill and Steel Wire Gage is used for measuring the 
sizes of twist drills and steel drillrods. Rod sizes by this gage should 
not be confused with Stubs’ Steel Wire Gage sizes. The difference 
between the sizes of corresponding numbers in the two gages ranges 
from about .o005 to .o04 inch, the Stubs sizes being thesmaller except 
in the cases of a few numbers where the systems coincide exactly. 


Twist Dri AND STEEL Wrre GAGE SIzEs 


No. Dia. No. Dia. No. Dia. No. Dia. 
of in of in of in of in 
Gage Inches Gage Inches Gage Inches Gage Inches 

pow We 


I -2280 ai +1590 41 .0960 61 -0390 
2 +2210 22 +1570 42 +0935 62 -0380 
3 +2130 23 +1540 43 .0890 63 .0370 
4 +2090 24 +1520 44 .0860 64 -0360 
5 +2055 25 +1495 45 -08 20 65 -0350 
6 +2040 26 11470 40 .o810 66 0330 
vl +2010 27 -1440 47 .0785 67 -0320 
8 -1990 28 .1405 48 .0760 68 .0310 
9 -1960 29 +1360 49 .0730 69 -02925 
site) -1935 30 -1285 50 -0700 70 -0280 


IL -IQIO aye .1 200 5r .0670 7 -0260 
12 -1890 32 -1160 52 -0635 72 -0250 
13 .1850 33 .II30 53 -0595 73 +0240 
14. -1820 34 -IIIO 54 0550 74 -0225 
15 -1800 35 +1100 55 +0520 75 +0210 
16 -1770 36 +1065 56 .0405 76 «0200 
17 «1730 37 +1040 57 +0430 Hel -0180 


18 «1695 38 -IOI5 53 -0420 78 .0160 


19 .1660 39 +0995 59 ,0410 419 -O145 
20 -I610 40 -0980 60 10400 80 -O135 


STUBS’ GAGES 


In using Stubs’ Gages, the difference between the Stubs Iron Wire 
Gage and the Stubs Steel Wire Gage should be kept in mind. The 
Stubs Iron Wire Gage is the one commonly known as the English 
Standard Wire, or Birmingham Gage, and designates the Stubs soft 
wire sizes. The Stubs Steel Wire Gage is used in measuring drawn 
steel wire or drill rods of Stubs’ make and is also used by many 
American makers of drill rods. 
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WIRE GAGES AND STOCK WEIGHTS 


DIMENSIONS IN DECIMAL PARTS OF AN INCH 


American 


Birm- 


Crete Wash- » | Impe- a 
Nee | prow lorgtubs’| bur & ‘yor Stel wal sudard 
le ire or a 
Gage see Ea Mfg.Co o Gage iS 
C0000! sefath ite sieve PS liege |p’ pea Sitaram Seeragbegs eae 464 | .46875 
GOOG vy; sta lovare tai | WAGE No) ster arh ASO || aketonerete -432 |.4375 
o000 | .46 L454) 123938 4 ACO hee Epartate .400 |.40625 
000 -40964 ABS 13025} ) 2 FO0}) Mlisestacrors 372 leGi75 
oo +3648 ZBOOr 3318" [e380 “alta sre ae +348 | 34375 
° 32486 BAAS OOS she FOS oc) eietsnvers 324. | 3125 
I 2893 300 |.2830 | .285 227 | .300 |.28125 
2 25703 -284 |..2625 | .265 219 | .276 | .265625 
3 22042 +259 |.2437 | .245 212 \-7252 ieee 
4 20431 238 || .2253 | .225 BOT Sh.232" aaene 
5 18194 220 |.2070 | .205 204 | .212 21875 
6 16202 203 |.1920 | .190 201 | .192 |.203125 
b | 14428 180 |.1770 | .175 -199 | .176 | .1875 
8 12849 -165 |.1620 | .160 -197 | .160 |.171875 
9 11443 .148 | .1483 | .145 -194 | .144 |.15625 
Bae) 10189 134 | -1350 | 130 -I9r | .128 |.140625 
II .090742 £20 | .1205 | .1175,|* 188.) 976, 4|\. 025 
12 -080808 IOQ |.1055 | .105 -185 | .104 109375 
13 -071961 | .095 |.0915 | .og25.| .182 | .og2 | .09375 
14 -064084 | .083 | .o800 | .a8o 180 | .o80 | .078125 
15 -057068 | .072 |.0720 | .o70 | .178 | .072. | .0703125 
16 .05082 .065 | .0625 | .o6r -175 | .064 | .0625 
17 -045257 | .058 | .0540 | .o525 | .172 | .056 | .05625 
18 -040303 | .049 | .0475 | .045 -168 | .048 | .05 
19 -03589 042 | .0410 | .o40 .164 | .040 | .04375 
20 -031961 | .035 | .0348 | .035 161 | .036. | .0375 
21 .028462 032 | .03175| .031 +157 | .032 | .034375 
22 «025347 028 | .0286 | .028 +155 | .028 | .03125 
23 -022571 025 | .0258 | .025 -153 | .024 |.028125 
24 -0201 022 | .0230 | .0225 | .151 | 022. | .025 
25 -0179 020 | .0204 | .020 | .148 | .o20 | .021875 
26 -O1594 o18 |.or8r | .or8 .146 | .018 | .01875 
27 -OT4195 o16 | .0173 | .or7 -143 | .o164 | .0171875 
28 -O12041 014 | .o162 | .016.| .139 | .or49 | .015625 
29 -O11257 | .0r3 |.0r50 | .or5 | .134 | .0136 | .or4o0625 
30 -010025 | .or12 |.or4o | .o14 127 | .0124 | 0125 
31 -008928 | .o10 | .0132 | .o13 120 | .o116 | .0109375 
32 -00795 009 | .0128 | .or2 II5 | .oro8 | .oror5625 
33 -00708 008 |.o1r8 | .orr II2 | .O1©00 | .009375 
34 .006304 007 |.0104 | .o10 IIO |} .0092 | .00859375 
35 -005614 | .005 | .0095 | .0095 | 108 | .0084 | 0078125 
36 -005 004 | .0090 | .c0g 106 | .0076 | .00703125 
37 .004453 0085 | .103 | .0068 | .006640625 | 
38 003965 008 tor | .0060 | .00625 t 
39 «C03 531 0075 | .099 || .0052 
40 .003144 007 097 | .0048 


Dia. of 
Wire 


WIRE AND DRILL SIZES 637 
WirE AND Dritt Sizes ARRANGED CONSECUTIVELY 
‘” ice] “a be 
wee | 8 || Be Pal eel WE iene 
nv n ae a n = A=} 
Bui iw ¥ ae aul 8 - fates 
n =a i 13) o no 
52 | 82/22) 22) Whe’ | $2 | 621 28 | a8 
a Ae | BE | 6a ga SE | 2= | ba 
Q n ef | FQ n & 
Gage Number Gage Number 
40 2041 58 | 59 
39 1042 19 57 58 
38 +043, 57 
36 1045 56 
37 10453 17 
360 | 35 10405 56 
35 .049 18 
34 050 55 
34 .0508 16 
33 1052 55 
32 33 2055 54 54 
3r 0571 15 
32 058 I7 53 
3° 3r 20595 53 
29 .063 52 
30 .0635 52 
28 .004I I4 
20 80 065 16 
80 066 51 
28 79 .067 51 
27 060 5° 
79 .070 5° 
78 +072 13 15 49 
26 -073 49 
27 EE MAPLE 2075 48 
25 1076 48 
26 76 ug) O77 47 
25 75 76 0785 AT 
24 +079 46 
75 .0808 12 
24 74 08 45 46 
74 .082 45 
23 .083 I4 
73 085 44 
42 73 .086 44 
23 42 .088 43 
22 089 43 
41 q1 £0907 II 
7° 002 42 
22 7° 20035 42 
2 095 13 4t 
690 .006 41 
69 -007 40 
68 098 40 
67 63 +0909 39 
20 ai 66 67 .0095 39 
‘ 65 66 IOI 38 
20 64 65 sIOIS 38 
19 HP copa) 10 
63 64 +103 37 
62 63 «104 37 
61 62 +106 36 
69 6r -1065 36 
59 60 «108 35 
18 


WIRE GAGES AND STOCK WEIGHTS 


Wrre AND Dritt Sizes ARRANGED CONSECUTIVELY 


“wh uel “wo ~ 
8 3 rs} AES 8 = 3) Sip 
aild,| 8, | aE ai l5,|2, | se 
Su | 38 |eeel e Se, | we | 28 | BE 
Dia.of |e" | SE | we | A_ || Dia.of |-B% | SE | BE LAs 
go} E |e [2s] Wie | em} eo |e [es 
<q |2 16 EG < |S |a ECS 
) is a) a 
Gage Number Gage Number 
12 .203 6 
34 35 204 5 
34 2043 4 
33 +2055 5 
33 +207 4 
1144 9 . 209 
32 122 
32 -213 
Il 31 31 ~219 2 
30 .220 5 
1285 8 30 +211 2 
10 20 227 I 
29 -228 Tt 
28 +2294 3 
1405 28 -234 A 
27 - 238 4 B 
27 +242 . 
I .246 
gee Y 26 -250 E 
26 -257 F 
9 25 +2576 2 
I 25 +259 3 
ae 24 . 201 G 
24 - 206 H 
23 272 I 
23 +277 J 
22 . 281 K 
21 22 . 284 2 
21 . 2803 I 
20 20 . 200 L 
6 . 205 M 
19 .300 I 
8 . 302 N 
19 -316 Oo 
18 3323 Pp 
1605 18 - 3249 (0) 
17 +332 Q 
17 -329 R 
16 +340 (o} 
16 -348 S$ 
15 358 a 
7 14 15 «3048 00 
1819 5 368 5 U 
13 | 14 +377 vi 
12 13 .380 00 
IL - 386 WwW 
12 -397 Xe 
Io Ir - 404 sy 
I935 10 «4096 000 
9 +413 Z 
9 -425 000 
8 -454 0000 
yf 8 . 460 0000 
6 7 


STUBS’ WIRE SIZES 639 


STUBS’ STEEL WIRE SIZES AND WEIGHTS 


As stated in the explanatory note regarding Stubs’ Gages at the 
bottom of page 635 the Stubs steel wire gage is used for measuring 
drawn steel wire and drill rods of Stubs’ make and is also used by 
various drill rod makers in America. 


Stuss’ STEEL Wire Sizes, AND Wzicur In PouNpDs PER LINEAR 
i Foor 


Letter | -Dia. | Weight || No, of | Dia. | Weight |] No. of | \Dia. | Weight 
and No. in per Wire in per Wire in per 
of Gage} Inches Foot Gage | Inches} Foot Gage | Inches | Foot 


— pa 


-413 | .456 ro | .rgr | .098 46 .079 | .OL7 
-404 | .437 It -188 | .095 47 .077 | .o16 
+397 422 12 185 +092 48 +075 | .O©5 
-386 | .399 13 -182 | .089 49 +072 | .OT4 
+377 | 380 14 -180 | .087 50 .069 | .o13 
-308 | .362 15 -178 | .085 5r .066 | .o12 
358 | 335 16 «75 |) oe 52 .063 | .OLL 
«348 | .324 17 3072)| ©0709 53 -058 | .00g 
O80 1307 18 (168 4] 2075 54 +055 | .008 
+332 | .205 19 [roa Tore 55 +050 | .007 
easels 200 20 161 | .069 56 -045 | .006 
%n6 || .207 2I -157 | .066 57 .042 | .0047 
-302 | .244 22 +155 | .064 58 +O4t | .0045 
+295 233 23 a5) ||| 5003 59 .040 | .0042 
22908!) 225 24 -I51 .061 60 -039 | .0040 
1281 |) /211 25 -148 | .059 61 .038 | .0039 
2277 1s 205 26 +146 | .057 62 .037 | .0037 
i272 *\ 192 27 +143 2055 63 +036 | .0035 
.206 | .189 28 .139 | .052 64 +035 | .0033 
-201 182 29 +134 | .048 65 1033 | .0029 
e572 E77 30 $2277 |: .O4Z 66 .032 | .0027 
«250° | .167 31 -120 | .039 67 -031 | .0026 
.246 | .162 ae sII5 2035 68 .030 | .0024 
+242 | .159 33 -II2 | .034 69 .029 | .0022 
1238") 152 34 s1TO!'|) 4032 7O | .027 | .0020 
-234 | .146 35 .108 | .03r 41 -026 | .oo18 
227 | 138 36 -106 | .030 42 +024 | .OO15 
.219 | .128 37 -103 | .028 73 +023 | .0O14 
a202) || 120 38 -10L +027 74 +022 | .0013 
--koy | Earp Bly 39 .099 | .026 75 .020 | .OOIT 
S2OA- j'- oXTL 40 1097 | .025 76 .018 | .000g 
-201 | .108 41 +095 | .024 77 .016 | .0007 
.199 | .106 42 .092 | .023 78 .015, | .o006 
-I97 | .104 43 -088 | .020 19 -O14 | .0005 
-194 | .IOL 44 .085 | .o19 80 +013, | .0004 
45 .08r | .or8 
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Music Wire S1zEs 


h- | Webster Wash- | Webster Wash- | Webster 
No. of | Washe | Weesttl| No. of | humm & | 8 || NO- Of | humm 0 8 


Gage | Moen |Horsefall] Gage Moen _|Horsefall Gage | Moen |Horsefall 


8-0. |.0083 6 |,0215 | .o16 1g |.0414 |, .043 
47-0 |.0087 7, «| 2023 .o18 20 |.0434 | .045 
6-0 }|.0095 8 | .0243 | .o20 2r | .046 047 
5-o |.010 9 |-0256| .o22 22 |.0483 | .052 
4-0 |.OrI .006 Io | .027 .024 23. | O51 2055 


3-0 |.012 .007 Ir |.0284| .026 24 | -055 +059 
2-0 |.0133 | .008 12 |.0296| .o29 25 |.0586 | .o61 
1-o |.0144 | .009 13 | 0314 | .031 26 | .0626 | .065 
I .0156 | .oro 14 | .0326 | .033 27 |.0658 | .070 
2 .or166 | .orr I§ | -0345 | .035 28 | .072 072 
3 .0r78 | .o12 16 || 4036 || .037 29. |.076 | .077 
4 .or88 | .013 £7 || 269777) |" 3039 30 |.080 | .083 
5 .0202 | .o14 18 | .0395 | .041 


WEIGHT AND APPROXIMATE THICKNESS OF SHEET 
STEEL 


U. S. Standard Gage 


The U. S. gage is a weight and not a thickness gage, being based on 
wrought iron at 0.2778 pounds per cubic inch or 480 pounds per 
cubic foot. The numbers, or gage thicknesses, were to give definite - 
weight per square foot, No. ooc0000 being o.5 inch and wrought iron 
of this gage weighing 20 pounds per square foot. 

Because steel has almost entirely superseded wrought iron 
for sheet use since the U. S. gage was established, the density 
of rolled steel, 0.2833 pound per cubic inch, or 489.6 pounds per cubic 
foot has been adopted by the Association of American Steel Manu- 
facturers, the A. S. T. M., and approved by the Bureau of Standards. 
Thicknesses in the following table are of steel equivalent to the unit 
weights of the U. S. Standard gage. Steel is, however, rolled to 
any decimal thickness to meet requirements. 

Sheets up to and including No. 5, or 0.2145 in. are called “sheets” 
—above this they are called “plates.” 


Number of 
U.S. Gage 


0000000 
000000 
00000 
0000 
000 


1} 
CN AnFWNHHOO 


oO 


SHEET ‘STEEL TABLE 
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Approximate 

Thickness in 

Decimal Parts 
of an Inch 


oo00090000000000000000000000000000000 


-490 


460 
429 
398 
368 


337 
306 


.2758 


2004 


12451 


22098 
2145 
1992 
1838 
1685 
1532 
1379 


.1226 
.1072 
. 0919 
.0766 
.0689 
.0613 
.0552 
.0490 
.0429 


0368 


-0337 
.0300 
.0276 
.0245 
.02T4 
.0184 
.o169 


.O153 


Weight per 
Square Foot 
in Pounds 
Black 
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Weight per 
Square Foot 
in Pounds 
Galvanized 
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WeIGHTS OF STEEL, WRouGHT IRON, BRASS AND COPPER PLATES 
AMERICAN OR BROWN & SHARPE GAGE 


WEIGHT IN LBS. PER SQUARE Foot 


No. of Thickness 

Gage in Inches 
Aluminum Brass Copper 
0000 -46 6.48 19.688 20.838 
000 . 4096 cera 17-533 18.557 
(ele) -3648 5.14 T5gOrs 16.525 
° 3249 4.58 13.904 14.7106 
I 2893 4.08 12.382 13.105 
2 2576 3.63 11.027 I1.670 
3 2204 B23 9.819 10.392 
4 2043 2.88 8.745 9-255 
5 1819 2.56 7.788 8.242 
6 1620 2.28 6.935 7.340 
vi 1443 2.03 66275 6.536 
8 1285 1.81 5-499 5.821 
9 1144 1.61 4.898 5.183 
Sie) IoIg 1.44 4.631 4.616 
Il 0908 1.28 3.884 4.110 
12 .0808 Lut 3-458 3.660 
13 .0720 I.O1 3.080 3.260 
14 -0641 -903 2.743 2.903 
15 O571 804 2.442 2.585 
16 0508 716 Pea A 2.302 
17 0453 638 1.937 2.050 
18 0403 568 E725 1.825 
19 0359 506 1.536 1.626 
20 0320 450 1.367 1.448 
21 0285 401 1.218 1.289 
22 0253 357 1.085 1.148 
23 .0220 318) .966 T1023 
24 .O201 . 283 .860 -QIO 
25 .O179 -252 . 706 811 
26 .O159 +225) .682 -722 
ayy, .O142 . 200 .608 | .643 
28 0126 ior .278, 541 573 
29 .O113 -159 .482 .510 
30 .O100 141 -429 454 
31 .0089 .126 382 404 
32 .0080 -113 -340 .360 
33 .OO71 . 100 -303 faer 
34 .0063 .0888 . 269 «280 
35 .0056 .0790 .240 +254 
36 .0050 .0704 .214 226 
a7 .0045 .0627 - 191 . 202 
38 .0040 .0558 .170 . 180 
39 0035 .0497 VI5y . 160 


40 .0031 -0442 2135 -142 


WEIGHT OF PLATES 


643 


WEIGHTS OF STEEL, WRouGcHT IRON, BRASS AND CopPER PLATES 
BIRMINGHAM OR STUBS’ GAGE 


000 


Copper 


20.550 
19.253 
17.214 
15.402 
13.590 
12.865 
I1.733 
10.781 
9.966 
9.196 
8.154 
7-475 
6.704 
6.070 
5.436 
4.938 
4.393 
3-769 
3-262 
2.945 
2.627 
2.220 
1.902 
1.585 
1.450 
I.270 
T2532 
997 
906 
815 
+725 
-634 
589 
+544 
453 
.408 
362 
+317 
+227 


Thickness WEIGHT IN Ls. PER SQUARE Foor 
1 
aches Steel Tron Brass 
0454 18.52 18.16 19.431 
+425 17.34 17.00 18.190 
«380 15.30 15.20 16.264 
+340 13.87 13.60 14.552 
300 12.24 12.00 12.840 
+284 II.59 11.36 I2,155 
+259 10.57 10.36 Tr.085 
+238 9-71 9.52 10.186 
220 8.98 8.80 9.416 
+203 8.28 8.12 8.689 
180 7.34 7.20 7.704 
+165 6.73 6.60 7.062 
148 6.04. 5.92 6.334 
+134 5.47 5.36 5-735 
120 4.90 4.80 5.137 
109 4.45 4.36 4.667 
095 3.88, 3.80 4.066 
-083 3-39 3-32 3-552 
072 2.94 2.88 3.081 
.065 2.65 2.60 2.782 
058 2.37 2.32 2.482 
+049 2.00 1.96 2.097 
042 1.71 ‘1.68 1.797 
+035 1.43 I.40 1.498 
032 1.31 1.28 1.369 
028 I.14 Tr2 1.198 
025 1.02 1.00 I.070 
022 898 88 +941 
020 816 -80 856 
o18 +734 +72 -770 
o16 653 64 685 
O14 +571 +56 -599 
013 +530 +52 556 
O12 -490 .48 +514 
O10 +408 +40 428 
009 367 36 385 
-008 326 +32 342 
007 -286 +28 ~2996 
s005 «204, +20 +214 
+004 163 16 eo 7 1 
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WeIcuHTs oF STEEL, IRON, BRASS AND COPPER WIRE 
AMERICAN OR BROWN & SHARPE! GAGE 


No. Dia. Weicut IN Lps. PER 1000 LINEAR FEET 
a Jaden Steel Tron Brass Copper 
0000 .4600 566.03 560.74 605.18 640.51 

000 -4096 448.88 444.68 479.91 507.95 

oo 23048 355-99 352.66 380.67 402.83 

° +3247 282.30 279.07 301.82 319-45 

I -2893 223.89 221.79 239-35 253-34 

2 2576 177-55 175-89 189.82 200.91 

3 +2294 140.80 139.48 150.52 159-32 

4 +2043 111.66 110.62 119.38 120.35 

5 -1819 88.548 87.720 94.666 | 100.20 

6 -1620 70.221 69.565 45.075 79.462 

7 +1443 55.685 | 55-165 | 59.545 | 63-013 

8 -1285 44.104 | 43-751 | 47-219 | 49.976 

9 -II44 35.026 34.699 37-437 39.636 
10 -I01Q 27.772 27.512 29.087 31.426 
II -0907 22.020 21.820 23.549 24.924 
12 .0808 17.468 17.304 18.676 19.766 
13 +0720 13.851 Tig. 22 14.809 15-674 
14 .0041 10.989 10.886 11.746 12.435 
15 -0571 8.712 8.631 9.315 9.859 
16 0508 6.909 6.845 7.587 7.819 
17 +0453 5.478 5.427 5.857 6.199 
18 .0403 4.344 4.304 4.045 4.916 
19 +0359 3-445 3-413 3.684 3.899 
20 -03 20 2.734 2.708 2.920 3-094 
2I .0285 2.167 2.147 2.317 2.452 
22 10253 1.719 1.703 1.838 1.945 
23 .0220 1.363 1.350 1.457 1.542 
24 +0201 I.081 I.071 I.155 1.223 
25 .0179 8571 .8491 9163 -9699 
26 .0159 6797 6734 .7267 7692 
cH 0142 +5391 +5340 +5763 -6099 
28 0126 4275 4235 4570 -4837 
29 -O113 +3389 +3358 3624 3835 
3° «0100 -2088 -2663 2874 23042 
31 -0089 -2132 +2113 .2280 -2413 
32 -0080 -1691 -1675 .1808 1913 
33 ,0071 -1341 1328 +1434 «1517 
34 .0063 .1063 +1053 «1137 «1204 
35 .0056 .0844 .0836 ogor |- .0956 
36 .0050 .0668 .0662 <0715;| *020757 
37 0045 0530 0525 0567 .0600 
38 .0040 .0420 .0416 +0449 20475 
39 0035 0333 +0330 -0356 -0375 
40 .0031 .0264 .0262 20282 .0299 
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WeiIcuTs oF Iron, Brass, AND CopprR WIRE 
BIRMINGHAM OR STUBS’ GAGE 


oe Dia. Weicut IN Ls. PER 1000 LINEAR FEET 
n 
re ites Tron Brass Copper 
0000 +454 546.21 589.29 623.2 
000 425 478.65 516.41 546.1 
fore) 380 382.06 412.84 436.6 
° -340 306.34 330.50 349.5 
I +300 238.50 257-31 272.1 
2 284 213.74 230.60 243.9 
3 +259 L777 IQI.79 202.8 
4 +238 150.11 161.95 171.3 
5 +220 128.26 138.37 146.3 
6 +203 10g.20 117.82 124.6 
7 -180 85.86 92.63 97-96 
8 165 72.14 977.83 82.31 
9 .148 58.05 62.62 66.23 
10 +134 47.58 51-34 54-29 
II +120 38.16 41.17 43-54 
12 109 31.49 33-97 35:92 
13 095 23.92 25.80 27.29 
14 -083 18.26 19.70 20.83 
15 .072 13-73 14.82 15.67 
16 .065 I1.19 12.08 r2ey7 
17 058 8.92 9.62 10.17 
18 049 6.36 6.86 7.259 
19 +042 4.67 5.04 5.333 
20 +035 3.25 3-52 3-704 
21 .032 2.72 2.93 3.096 
22 -028 2.08 2.24 2.370 
23 025 1.66 1.79 1.890 
24 .022 1.28 1.39 1.463 
25 020 1.06 1.14 1.209 
26 018 863 926 -979 
27 .016 .680 732 774 
28 .O14 529 -560 «592 
29 013 -438 -483 «51 
30 .O12 382 412 -435 
on .O10 206 286 +302 
32 .009 1212 +232 +244 
33 .008 167 183 +193 
34 » ,007 133 «140 .148 
35 *,005 066 -O71 075 
30 004, 046 .048 052 
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Wercuts oF STEEL AND IRoN Bars PER LINEAR Foot 


DiavorDis- STEEL Iron 
es? Ske Weight per Foot Weight per Foot 
3 Round | Square | Hexagon | Octagon Round Square 
ts .O10 -013 .O12 .OIL -O10 013 
t +042 053 .046 +044 -O4I +052 
ys .094 eae) -103 +099 -092 meh, 
4 -167 -212 «185 “177 164 .208 
ps 201 3e5 288 277 256 326 
t 375 -478 414 +398 368 -469 
ts Bfisse 651 504 542 501 .638 
+ .667 , .850 AGN! “708 -654 833 
is 845 | 1.076 -932 -896 828 | 1.055 
g 1.043 1.328 I.I51 I.107 1.023 1.302 
tt 1.262 | 1.608 | 1.393 | 1-331 1.237 | 1.576 
Z 1.502 1.913 1.658 1.584 1.473 1.875 
cad 1.763 2.245 1.944 | 1.860 1.728 | 2.201 
$ 2.044 | 2.603 2.250'| 2.156 2.004 | 2.552 
43 2.347 | 2.989 | 2.591 | 2.482 2.301 | 2.930 
I 2.670 | 3.400 | 2.947 | 2.817 2.618 | 3.333 
Is 3.014 | 3.838] 3.327 | 3-182 2.955 | 3-763 
1g 3-379 | 4-303 | 3-732 | 3.568 3-313 | 4.219 
Iy6 3-706 | 4-795 | 4.156 | 3.977 3-692 | 4.701 
Bey 4.173 5.312:] 4.605 | 4.407 4.091 5-208 
Iz 4.600 | 5.857 | 5.077 | 4-858 4.510 | 5.742 
13 5.049 | 6.428 | 5.571 | 5-332 4.950 | 6.302 
Is 8.518 | 7.026] 6,091 | 5.827 5.410 | 6.888 
14 6.008 | 7.650 | 6.631 | 6.344 5.890 | 7.500 
135 6.520 | 8.301 | 7.195 | 6.905 6.392 | 8.138 
1% 7.0st | 8.978 | 7.776] 7.446 6.913 | 8.802 
ey 7.604] 9.682 | 8.392 | 8.027 7.455 | 9.492 
12 8.178 | 10.41 g.025 | 8.635 8.018 | 10.21 
143 8.773 | 11.17 9.682 | 9.264 8.601 | 10.95 
14 9.388 | 11.95 | 10.36 9.918 9.204 | 11.72 
1} 10.02 | 12.76 | 11.06 | 10.58 9.828 | 12.51 
2 10.68. | 13.60 | 11.79 | 11.28 10.47 | 13.33 
2 T2.00p4h-15-35 || Taeg0 | || faa 11.82 | 15.05 
2t 13.52. | 17.22 || 14.92 | 14.24 13.25 | 16.88 
23 15.07. | 19.18 | 16.62 | 15.88 14.77 | 18.80 
2 16.69 | 21.25 | 18.42 | 27.65 16.36 | 20.83 
23 18.40 | 23.43 | 20.31 | 19.45 18.04 | 22.97 
24 20.20 | 25.71 | 22.29 | 21.28 19.80 | 25.21 
2g 22.07 | 28.10 || 24.36 | 23.28 21.64 | 27.55 
3 24.03 | 30.60 | 26.53 | 25.36 23.56 | 30.00 
34 26.08 | 33.20 | 28.78 | 27.50 25-57. | 32-55 
3t 28.20 | 35.92 | 31-10 | 29.28 27.65 | 35.21 
38 30.42 | 38.78 || 33-57 | 32-10 29.82 | 37-97 
34 32.71 | 41.65 :| 36.10 } 34.56 32.07 | 40.83 
38 35-09 | 44-68 | 38.73 | 37-05 34.40 | 43.80 
32 37.50 | 47-82 | 41.45 | 39.68 36.82 | 46.88 
3h 40.10 | 51.05 | 44.260 | 42.35 39.31 50.05 


4 42.73 | 54.40 | 47.16 | 45.12 41.89 | 53-33 
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WeIcHTs OF BrAss, COPPER AND ALUMINUM BARS PER LINEAR 


Foor 
Dia. or Brass | CopPEeR ALUMINUM 
a Weight per Foot Weight per Foot Weight per Foot — 
ee Round | Square | Hexagon || ‘Round.| Square Round | Square 
ea a WB [Beet usch ie) Een ) ue 
ys OIL -O14 O13 O12 +015 004 
$ +045 +055 048 047 .060 018 
ty «100 125 108 -106 +135 +041 
3 “175 «225 +194 -189 +241 -072 
ts 275 | -350| 30K |} .296 | 4377 114 
Fs +395 -510 +436 -426 +542 -163 
1s +540 -690 +592 -579 -737 222 
$ 710 | 905 “773 “757 +964 290 
ts -900 | 1.15 978 -958 | 1.22 367 
£ I.I0 I.40 I.24 1.18 I.51 453 
4 1.35 Saya I.45 1.43 1.82 548 
2 1.66 2.05 1.73 1.70 2.17 652 
+} 1.85 2.40 2.03 2.00 2.54 -766 
t 2.15 2.75 2.36 2.32 2.95 888 
33 2.48 B05 2.71 2.66 3-39 1.02 
I 2.85 3.65 3.TO 3.03 3.86 1.16 
Ips 3-20 4.08 3-49 3.42 4.35 I.31 
Ik 3-57 4.55 3-91 3-81 4.88 1.47 
1z5 | 3-97 5.08 4.38 4.27 5-44 1.64 
1} 4-41 5.65 4.82 4.72 6.01 1.81 
Ips | 4.86 6.22 5-33 5.21 6.63 2.00 
1% 5.35 6.81 5-76 5.72 7.24 2.19 
tzs | 5-86 9.45 6.38 6.26 7.97 2.40 
1h 6.37 8.13 6.92 6.81 8.67 2.61 
Ty's | 6.92 8.83 7-54 7-39 9-41 2.83 
1} 7.48 9-55 8.15 7.99 | 10.18 3.06 
Hi | 68.05 | 10.27 8.80 8.45 | 10.73 3-30 
1} 8.65 | 11.00 9-47 9.27 | 11.80 3-55 
143 9.29 | 11.82 | 10.15 9.76 | 12.43 3.81 
if 9-95 | 12.08 | 10.86 || 10.64 | 13.55 4.08 
14 | 10.58 | 13.50. | 11.68 || rz.1r | 14.15 4.35 
2 H25 | 64.35 -|-12.36. "|| rere 15.42 4.64 
2k 12.78 | 16.27 | 13.92 || 13.67 | 17.42 5-24 
at TAss2- | 1822445 | FEST 20 125283 [LLOST 5.87 
2% | 15.96 | 20.32 | 17.52 || 17.08 | 21.74 6.54 
2 17.68 | 22.53 | 19.44 || 18:92 | 24.09 7.25 
2k |. 19.50 | 24.83 | 21.24 || 20.86 | 26.56 7.99 
2t | 21.40 | 27.25 | 23.40 || 22.89 | 29.05 8.53 
2% | 23-39 | 29.78 | 25.82 || 25.02 | 31.86 9.58 
3 25:47 | 32.43 27.84 || 27.24 | 34.69 10.44 
3t | 30-45 -|.38-77 | 32-76 |] 31-97 | 40.71 12.25 
ah | 35-31 1:44.96 | 37.80 || 37.08 | 47.22 14.2 
3% | 40.07 | 51.01 | 43.56 |] 42.11 | 53.6r 16.31 
4 46.12 | 58.73 | 49.44 |] 48.43 | 61.67 18.56 


WIRE GAGES AND STOCK WEIGHTS 


648 


98°Szloboz|gg*L1jo£*S1\rorb1| gL*z1|6P1I jos ‘or 
of1zloo'L1lo671\gLe1\rL°11| Sgro1| LS°6| oS-g 
L1-61lo€-S1|1h-E1\gh-11|hS-01|6S°6 | 19°g| So°L} rL°9] PLS) Le-S) ghev] <° joes | ee tors 
borLilog'f1|z6"11\oz"o1\9£°6 |zS-g | g9°4| 0979] g6°S| oS} gorh| Sep) zgrf} * | °° | 
o6'Stlog‘ztloz*11\9S°6 |L4°g |L6°L | Lx-L| gf-9| gS-S| gdb] gE-t] g6-€) 6S-£) 6x-k} s° | °° 
z6'b1\z6-11\zb-or|b6-g |61°g |gh*L | oL-g| g6°S| 12°S| bb] Gorb| zLE] PE-E| g6-z| °° | 
og'ftlor11\49°6 |62°g log" |16°9 | e279] £S°S| Egrh| Preb| og-e| She) I1-f| ghz] vz) °° 
ogztlozor|z6-g |Sg°L |zo"L Jobo | VL:S| o1°S| ohh] EgrE| OS-€} 61-E| ggre| GS-2} Ezz] -° 
ol-11|S¢-6 |gt-g |xo°£ |fbg | rg'S | 92S} go-h| 60°F] 1S-f| zz-E| z6-z| Coz] PE-z| Port) glx 
borotlzS-g |rrL \6E-9 log’S JefS | OL-b| gz-b| elf] 6rf| z6-z| gg*z| OF) zr-z| gg°t| og't 
9S°6 |Sg-L |69°9 |PL-S |gz°S jgL-b | of-b] Ege} SEE} Le-z| Core) 6E-z| S1-z} 16-1) Lov) PHI 
zS-g log'g |96°S jorS |go'h loeb | EgE| ob £| g6-z| SS-z| PE-2| Ex-z| 16-1] oA-1| OP-1) ger 
peel |S6°S |rz°S loth j6o°h |zL-€ | SEE] g6:z} og:z| Lz°z| So-z} ggr1| Lor] Ob'1) Of1] z1°1 
obg jorS lobby |€gE |xS-€ Joe | Lg-z| SS} Cz-z| 16-1] SL-x) 6S-1] Eb-1| ge-1| ZI-Tlag6- 
zeS \Szb |zL-€ j6r-€ |z6-% loge | 6£-2| Ex°z| ggrz| og't| gr] EE] O21] go°1|6z6" |oog” 
geb job€ |g6-2 JoS-z |hS-z |Er-2 | 16°r] oL-1) 6-1] ge-z] Lr-t| gorr|gS6- |zSgr |EPL° lobo 
02'S |SS-z lpz-e \z6"r |gl-r |ogt | €b-1| ger] z1°1\096" \g4g* Jo6L* |grL° |6£q° |gSS- jogr 
Ere jod-x |6b-x |gz-r |gr-r |Lorr |SS6° joSgr |S~L° lobo: |SgS* jofS- |6Lb |ozb- \zLE lozé- 
$s v $e £ $4 gz te z RI $1 §r qr gr I = z 


LOOG YVANIT Utd SGNAOG NI IAALG TO SAZIS LIVIA dO SLHOITA 


649 


WEIGHT OF TUBING 


‘aA0ge S}YSIOM 9} 0} “uso Jod $ ppe “Burqny, 1oddog ssayureag fo syYyS1IaM 107 


ELS" |grS* |LSb" |66E- \zve |Sgz- jgzz* |LO1° |6g1" JovI" | QzI* | OLI* | g60" | Igo" | ggo" | zSo* | 6£0" | p20" | ozo" Sz 


6z9° |g9S* |zoS- |gfh- IgLE* |zxr£* |6he" Igrz* jogr’ |PS1° | 4Er° | 121° | Lor | o60° | vLo* | gSo" | cho" | gz0" | zzo" tz 
brL* |r¥g* |1LS* |L6v" |gzb- |PSE- |1gz° |Sbhz° 602° |ELx° | SSr- | g£x° | 611" | zor: | zgor | ggo" | Leo" | 6z0"| Szor &% 
66L° |gt* |gfo° |gSS- |ZLb> |o6E- |Sx> [Sz |€z° |z6re | PL1- | zSr- | CEr- | z1x- | €60" | zLo* | 1$0" | T£0" | gzo* zz 
£16" jozg: |Lzl* |SEg° jzvS- JoSb- |LSE° jzx£> |ggz* |61z° | g61* | E41- | 181° | gzr- | vor’ | rgo" | LSo" | ¥Eo: | zLor IZ 
o0°1|€6g" | og’ | 6g* | 6S | 6h" | GE [GEE |6gz° |gfz> | Hz | ggr* | Cor" | OI" | E1I- | ggo" | ZQo* | gEo" | SEo> | oz 
611] Lovt| 6° | £g° | 1° | gS | ob |vob: JEPE- lege | zSz~| 1ea* | €61° | rgI* | OF 1" | Tor" | oLo" | ovo" | zor 61 
6£°r| ver] o11| 96° | zgr | Lor | HS- |Lov" |L6E° |Sze- | 16z- | SSz | ozz- | Egre | oS | €rr* | glo* | Evo" | Gvor gr 
tol] gh} of-1| prt) L6- | og: | to" IgrS> |€gb loge | gfe | S6z | SSz- | a1z* | 691° | gzz* | Lgo" | bro: | So" LI 
ZI] vg'I| Sh-I] gz] Lott] 6g" | OL: |60g" |S1S- jozh: | zLE- | gzE- | 6Lz° | fz" | ogi’ | SEI" | zo" | *~ Sgo* gl 
ZO'Z| IQI| TOI] ov] 611] 66° | LL° |Log* |vgS- |19¥ | Gob: | SSE- | Cok | Sz" | oz | PHI" | Q6o"| ** zlo- SI 
z£%| go'z| HgI} 19°1| g£°1| ex°1| ggr jogl lotg? jozS- | gh | cok" | off- | ogz* | ozz* |ogt*| ** | -* £go* FI 
So:z| LE-z| Horz| zeit} SS-1| Lz-r| oorr|/SSg- |ZrZ° jogs: | 71S" | Shh | LLE- | gok: | Lez }olr | “e {60° er 
10°€| o£:%| 6£°2| Lo-z| gL-1| £h-1| z11|Sg6" |gog” joSg: | oLS- | 16h) Erb- | HEE-| gSz* | LLa- | *- a: 601° ZI 
IEE} g6°%| gr°2z| Lz-z| 1671} LS-1| 2-1} So-z} Lg} o£ | 19°} ES") Sh} gf} gz | gre} *° as ozr’ II 
LO:8\"oa°S|toGre CxS “sites sly) Tle Seer) sonst | cod sees eCol ass (s Op stgo a — "eh ae Meese vers | of 
£orb| o9°€| L1°€| SL-z| zf-z| 6g°I| ob1| Sz-1| vorr| zgr | IZ} I9*| 6h} GE] =: ass ‘ee : grie 6 
gb't| 96°E} o§-£| zo-f| bS-z| Lo-z| 69-1] GS-1) rr-z| Lg | LL-} vo") 2&°| ob | °° op Pe ee alg? Sgr 8 
£gv| CEH] gl-€) gz-E| Ll-z| Ez-z| rL-1| Pez) 61x] 06" | °° 2 ; “€ = *? ; 24 ogi" L 
6&°S| og-b}] oz-b) og'f| vor€| ghz) gg 1} gS-1| 6z°1| Cor) °°" y Rae =f eer “> Bs ie: £oz* 9 
03'S 1S ooh 69°F gzf 09% 66°1 ggrl eo oe oe o7 ry ae ‘ o 8 oe oe OZe* $ 
Sz*9| 1S°S| zyh} grb] 6F-£] 62-2) or-z| gL1| °° ie ms ; me 3 a i acs a0 gtz 4 
zL°9| -96°S| €2:S| gb-h] zl) 96:2) zzz) Sgt) °° Sate Ha iol ve fee as Raa aoe ea AEE I Ooh ou 6Sz € 
gel St-9 LSS ooh Loh gre Co-z se . e> or ". © oe ee oe ee oe tgz* z 
zgol SL-9 93° Lo°S ort get cbs oe oe es eo o* oe ee Pad te oe eo oof: vs 
Seis Pirieeescesateeee soe we seca 


(HOv9 sanis Sz OL ISON ‘“YALAWVIG AdIsINO 22 OL £) ‘LOOY UVANIT Add ONIGAL SSVUG SSHINVES LO SLHOTAA\ 


WIRE GAGES AND STOCK WEIGHTS 


650 


00" 91 
LIVI 
fr er 
00°zI 


6L°O1 
1s°6 
£1°g 
Iv'L 


49°9 
16°S 
£1: 
ze-4 


VLE 
Le-!e 
Love 
69°z 


“BA0G® SB S}YBIOM 


00°S1j00"F1 
be Er/o$z1|/Lo-11/"g-o1jooorsL1 ‘6 
BE ZI/EQII/gg OI/EIoL/ge-6 |€o°glgg'4 
PE 11/LO°OI/OOOI|FE-6 |4g"g joo’ glee L 
Iz‘ O1/€9'6 |¥0'6 Jorg |gg°L |6z°Ll1L'9 
00°6 joS*g ]oo'g joo'L joS*£ joS*glo0°9 
IL°L 16z'L |89°9 |9v'9 |¥o'9 |€g'Sl1z°$ 
£0"L 199°9 |8z°9 |16°S JES°S lor’ Sigs Pv 
£E"9 Joo'g |Lo°S |€E'S Joos [Lo vice vy 
zg°S |z€"S |€o0's |vL "vy Ighh lor vidg'& 
eer |f£o'y |ge°v |€1'h Ieg& j€o else! 
ZI‘v |16°€ joL°E€ |6v'€ |gz°€ jLo'e|Lg°z 
gs'€ |6O£°€ jiz'€ |£o'€ |Sg:2 |lo'zlov-z 
Iz‘€ |So€ j6g'e j€L-2 |LS-z2 jib 2|Se-7% 
£6°z [gle |€go°e% j6v's% |SE°z% joz-zlgo-z 
gS*z |r‘ |1f'e |6OI"z Jgo*% J€O'ITJog‘1 
Sc'e |br°e |€o°% |z6'T {1g°r JOL*1/6S"1 
69°I jOg’I [zS°r |€v'1 [Pe 1jgz'1 
$z | £z | $2 | yz'| fo) 2% | $1 


Lard 
OH 


#1 


aan td0H 6 


HHH 


ax 
me) 


Sse 
96° 


ge 


os vioo vos -¢ 


96°e 
99°£ 


ESteiel 3 
66° 
£9°z% 
bez 


S6°*I 
LL°I 
zZQ'l 
ov oD 


Se°1 
oo'r 
gl‘o 


41 


vse 
gz°e 


oo’ 
OL°z 
getic 
£0°% 


LL*r 
IQ‘! 
Lv'I 
of*1 
biel 
16°0 
69°0 


£1 


ban a) 
16'% 


Lo zjee'z 
Ip Zler'z 
£1°z/gg'r 
ZQIjIg'I 


Og 1/21 
SV-I}6z"1 
f€*1/QI-1 
LI°1/voO"rX 


£0°1)z6°0 
zg ojrl‘o 
£9 o0]9S‘0 
Sv-oj1b'o 


HHH 


"OHHH 


ooo00 


ooo0o°o 


on 


ooo00 


a 
+ 
oo0°0 


° 
” 
ooo 


SAHIN]I NI YALAWVIC ACISINO 


Qooq isd spunog ur 74310) 
aNNOY—ONIGAT, THILG SSHINVAS NMVUQ-AIOD ,,AIGHS,, 


000'T 
$137.0 


oSl'o 
S$z9°0 
zgS'o 
oos*o 


gtr o 
SLE°0 
€1f°0 
Igz'o 


osz°o 
61z°0 
ggl'o 
gS1'0 


vero 
ozI°o 
601'0 
060°0 


GOES 
yemoeq ur 
quopeamby 


ewueg “AOIY} YOUr I pue soyoutr 6 03 o8eB II ‘ON JOJOWILIp YOUT-z WOT] pel[ol JOH 


Hw 


BEB 4s cS Pin ros 


suorqoely 
2 OME 
ssoUporyL 


SHEET ZINC 653 


DECIMAL THICKNESS TABLE FOR SHEET COPPER 
Sheet copper is frequently designated by the weight in ounces 
of a square foot instead of by its thickness. This table prevents 
the necessity of weighing and measuring. 


THICKNESS OF COPPER FROM 3 TO 253 OUNCES PER SQUARE Foor 


Ounces per Decimal Thick- Ounces per Decimal Thick- 
Square Foot ness, Inches Square Foot mess, Inches 
we eR aR 8 es Sg 

3 0.004 64 0.083 

4 0.005 70 0.095 

6 0.008 81 ©. 109 

8 0.010 89 0.120 

10 0.013 100 0.134 

12 0.016 IIo 0.148 

14 0.018 123 0.165 

16 0.022 134 0.180 

18 0.025 I51 0.203 

20 0.028 104 0.220 

24 0.032 177 0.238 

32 0.042 193 0.259 

40 0.049 211 0.284 

48 0.005 223 ©.300 

56 0.072 253 ©.340 


OOOO 
oo wu 
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GacEs UsEpD IN U. S. ror DirFERENT MATERIAL 


Name of Gage 
American Wire or Brown 


Used for Gaging 
Brass, bronze, copper and other non- 


qaonanpe ahh. en ferrous wires and sheets 
Birmingham, or Stub’s Telegraph and telephone wire. Also 
ATOR WATE 4 9,00 414 ops we to some extent for non-ferrous sheets 
and the wall thickness of tubing. 
WIMSICEWITE?. ¥ bie 3 ck oes Piano and other music wire 
DiecteziNG =... Fi AN Zinc sheets 
Steel wire, or Washburn Steel wire except music wire and drill 
NIG, Ane rod 


Twist drill and steel wire 
U. S. Standard for sheets 
amdiplatess iss. e.h 6% 


Twist drills and drill rods 

Sheet and plate iron and steel—really 
more of a gage of weight per square 
foot than of thickness 


GAGE AND WEIGHT OF ZINC SHEET 


Sheet zinc rolled in the U. S. is measured by the American Stand- 


ard zinc gage. ‘The table is supplied by the Illinois Zinc Company. 
The numbers run opposite to most metal gages, the smaller numbers 
being the thinnest metal. 


652 WIRE GAGES AND STOCK WEIGHTS 


Tituinors Zinc Company’s Zinc GAGE 


Lbs. per Thicknes Lbs. per : 

No. eae in Tetley No. 1 eet pa 
me «Aen Re UN Lic a 3S UE WA oe ae 
3 0.22 0.006 16 1.68 0.045 
4 0.30 0.008 17 1.87 0,050 
5 0.37 0.010¢ho 18 2.00 0.055 
6 0.45 0.012 19 2.25 0.06074 
7 0.52 0.014 20 2.62 0.070 
8 0.60 |, 0.016 21 3.00 0.080 
9 0.67 0.018 22 S37, 0.090 
IO 0.75 0.02045 23 3075 ©. 100745 
It °.90 0.024 2 4.70 O.L25% 
12 1.05 0.028 25 9.40 0.2504 
13 1.20 0.032 26 14.00 Ougyse 
14 I.35 0.036 27 18.75 0.500 
15 1.50 © .0405'x 28 37.50 I .Q00 


HORSE-POWER, BELTS AND SHAFTING 


Horse-Power 


Horsr-PowEr is an arbitrary unit of measurement which has 
been adopted for measuring the work of engines or machines. It is 
given as 33,000 foot pounds per minute which means 1 pound lifted 
33,000 feet per minute or 33,000 pounds lifted x foot per minute or 
330 pounds lifted roo feet per minute, or any combination which 
gives 33,000 foot pounds per minute. 


Steam Engine Horse-Power 


In a steam engine it means the effective steam pressure per 
square inch, times the length of piston movement per revolution in 
feet, times the piston area in square inches, times the number of 
revolutions per minute, and all divided by 33,000. This is easily 
remembered by the formula 


where 
P = mean effective pressure per square inch. 
L = length of a double stroke in feet. 
A = area of piston in square inches. 
N = number of revolutions per minute. 


Electrical Power 


As compared with electrical units the mechanical horse-power 
equals 746 watts or nearly ¢ of a kilowatt, so that a kilowatt (1000 
watts) equals 1.34 horse power. 


Gas Engine Horse-Power 

The A. L. A. M. rating for gasoline engines, which means the rat- 
ing adopted by the American Licensed Automobile Manufacturers, 
is based on the assumption that the piston speed is 1000 feet per 
minute in all cases. ‘This gives 1500 revolutions per minute for a 
4-inch stroke motor, which is about average practice. Since the 
defeat of the Selden patent the A. L. A. M. has ceased to exist and 
this is now known as the S. A. E. standard (Society of Automotive 
Engineers). ; 


S. A. E. (A. L. A. M.) HORSE-POWER RATING 


D2 
Tue formula adopted is aA and based on rooo feet per min- 


ute piston speed. Dis the cylinder bore, N the number of cylinders, 
and 2.5 a constant, based on the average view of the Mechanical 
Branch as to a fair conservative rating. 
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TABLE OF Horsre-PowEr For Usuat Sizes or Motors, BASED ON 
S. A. E. (A. L. A. M.) Formuta 


BORE | HorsE- POWER 

Ins. M/M | xr Cyl, 2 Cyls. 4 Cyls. | 6 Cyls. | 8 Cyls. 
a4 64 2h 5 Io Te 20 
23 68 23 ee II 164 22 
2 | 70 3 6 125 185 2470 
Qiu | a dS 316 6§ 134 195 203 
3 76 33 74 145 215 28% 
$89) 70 378 716 153 2376 31k 
32 | 83 44, 83 1675 25% 33% 
3% 85 5i6 98 18% 278 363 
33 | 89 440 0% 198 208 395 
35 92 54 103 204 316 403 
34 | 95 5s 11 223 334, 45 
3s | 99 6 12 24 3076 48 

4 102 62 12$ 252 382 Std 
4g | I05 678 133 27% 40; 542 
4% | 108 7a 14% 283% 434 57% 


To simplify reading of the above, the horse-power figures are 
approximate, but correct within one-sixteenth. 


Table of Piston-ring Data 


The accompanying table, while not official, is complied with to a 
great extent in the machinery division of the United States navy 
yard, Boston, Mass. The sizes run very close to the average 
make of rings found in the commercial and naval engines of small 
cylinder bore. 

This table is adaptable to ordinary snap rings that are to be 
rough-turned and bored, cut and drawn together, and finished to 
the diameter of the cylinder. 
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TABLE OF PISTON-RING DATA 


Diameter | Rough- R -bor - i 
of Cylin- Tastee, Dhecten, Eee a he oe sg fy ees 
der, In, | of Ring, In,'| of Ring, In. | Ct® Out tn: |: King,.tn. In. 
4 25 143 z t s 
3 3a 24 ae ve se 
4 476 34 75 £ is 
5 532 432 $2 ys ee 
6 6% 58 3 cy £ 
7 733 653 a3 16 ae 
8 85 716 16 2 16 
9 943 Bis 33 sia o +3 
Io 10g 92 2 3 3 
12 1275 Iry's 5 tb 16 
14 144 135 8 i 2 
16 163°5 157°s re +¢ 5 
18 188 174 t z & 
20 2044 I 98 I +3 16 
22 224 205 Ig I Zz 
24 2413 22% Iz 175 té 
30 304 28 13 1% +8 
36 3648 332 2 Iz Is 


This covers general requirements on gasoline and steam engines. 


DRIVING POWER OF LEATHER BELTS 


THE question of the proper size of a leather belt for a given power 
transmission resolves itself into a question of selecting various fac- 
tors. ‘These factors have been worked out by experiments, by 
analytical methods, and in practice. 

The horse-power that a belt will transmit depends upon the effec- 
tive tension and the belt speed. The effective tension depends upon 
the difference in the tensions of the two sides of the belt and on 
the surface friction, which depends upon the ratio of the tensions 
and the angle of belt contact with pulley. : 

Experiments and practice have shown that a belt of single thick- 
ness will stand a stress of 60 pounds per inch of width and give good 
results, that is, it will only require an occasional taking up and will 
have a fairly long life. The corresponding values for double and 
triple belts are 105 and 150 pounds per inch of width provided the 
pulleys are not too small. 

Experiments have shown that on small pulleys the ratio of the 
tensions should not exceed 2, on medium pulleys 2.5, and on large 
pulleys 3. The larger the pulley, the better the contact; also the 
thinner the belt, the better the contact for the same size of pulley. 
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When the pulley diameter in feet is three times the thickness of the 
belt in inches, or in this proportion, we get equivalent results for 
different thicknesses of belts. This gives us a method of classifying 
our pulleys. The belt has to adjust itself in passing over a pulley 
due to its own thickness. Some adjustment is also necessary on 
account of the crowning of the pulley. These adjustments account 
for the different ratios for the various pulley diameters. The 
effects of the crown and pulley diameter are not usually considered 
in belt rules, although they should be. The ratios given are for 180 
degrees wrap and decrease with less contact. 

The creep of the belt depends upon its elasticity and the load, 
and experiments have shown that this should not exceed x per cent. 
in good practice. In order to keep this creep below 1 per cent. it 
is necessary to limit the difference of tension per inch of width of 
single belt to 40 pounds. The corresponding values for double and 
triple belts are 70 and roo pounds per inch of width. These figures 
are based on an average value of 20,000 for the running modulus of 
elasticity of leather belting. 

Table I has been prepared on the basis of these limitations and 
gives a value for the factor or constant / in the equation 


VxWw w -ZPXF 
Fo Ps V 
in which H P is the horse-power, V the belt velocity in feet per 
minute, and W the width in inches. 
Table II gives corrected values for 7, when the arc of contact or 
wrap is greater or less than 180 degrees. On large pulleys the 
creep may exceed x per cent. if the wrap is over 180 degrees, as 
the increased friction gives a greater difference of tensions. ; 
To illustrate the use of the tables, we will take the following 
examples: 


HP. = 
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How much horse-power will a 4-inch single belt transmit at a speed 
of 4,600 feet per minute passing over a 12-inch pulley? ‘The factor 
is 920, therefore, 

4,600 X 4 _ 
920 


20 H.-P. 


How wide should a belt be in order to transmit 50 horse-power 
at 2,000 feet per minute on a 36-inch pulley? 


_ §0 X 830 
2,000 


Ww = 20.7 inch single belt. 


This gives a width of single belt beyond the usual limit, 8 inches 
being considered good practice for the maximum width of a single 
belt. 


on SOS 20 
2,000 


Ww = 13-inch double belt. 


How wide should a single belt be in order to transmit 2 horse- 
power at 600 feet per minute over a 4-inch pulley with 140-degree 
wrap? 

In this case we take the factor 1,100 from Table 1 and in Table 2 
find a corrected value for 1,100 under 140 degrees of 1,270. 


2X 1,270 
600 


We= = 4.23-inch single belt. 


How wide a belt is required for 300 horse-power at 2,000 feet per 
minute over a 1o-foot pulley? 


Wr & 322 X 470 


2,000 


= 70.5-inch double belt. 


This is too wide. Good practice calls for a change to triple at 
48 inches unless for some special reason a narrower belt is necessary. 


_ 300 X 330 
2,000 


Ww = 49.5-inch triple belt. 


The results given by these factors are well within working values 
and the belts will probably transmit 50 per cent. more power than 
these factors, but at the expense of the life of the belt. A liberal 
allowance at the beginning means less annoyance, fewer delays in 
taking up the belts, longer life and less cost for renewals and repairs. 
Belt speeds of 4,000 to 4,800 feet should rarely be exceeded. 

A simple formula for computing the arc of contact is: 


Arc = 180 — 60 =i 


in which D = diameter of large pulley; d = diameter of small 
pulley; e = distance center to center. For crossed belts change the 
minus sign between D and d to plus. 
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BELT FASTENINGS 


The best fastening for a belt is the cement splice. It is far 
beyond any form of lacing, belt hooks, riveting, or any other 
method of joining together the ends of a belt. The cement joint is 
easily applied to leather and to rubber belts, but to make a good 
cement splice in a canvas belt requires more time and apparatus 
than is usually at hand. Good glue makes a fine cement for leather 
belts, and fish glue is less affected by moisture than the other. 
Many of the liquid glues are fish glue treated with acid so as not 
to gelatinize when cold. A little bichromate of pot ashadded to 
ordinary hot glue just before it is used will render it insoluble in 
water. Both lap and wedge joints are used, 


Belt Hooks 


There are many styles of belt hooks in use, some of the more 
common kinds being shown in Figs. 1, 2, 3 and 4. Fig. 2 is prac- 
tically a double rivet, Fig. 3 a malleable iron fastening, although 


| 


CSALETILALE LS ELASIESLLL LSI L 
CS iLassibaat ise siteettiniiire 


FIG, 7 FIG. & FIG, 9 FIG, To 
Belt Hooks and Lacings 


similar hooks have been made of pressed steel, and Fig. 4 is the 
Blake stud, which has the advantage of not weakening the belt but 
makes a hump on the outside where the ends turn up. Fig. 5 is the 
Bristol hook of stamped steel which is driven in and the points turned 
over on the other side. Fig. 6 is the Jackson belt lacing and is 
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applied by a hand machine which screws a spiral wire across the 
ends of a belt. These are then flattened and a rawhide pin or a 
heavy soft cord used as a hinge joint between them. These joints 
are probably equal to 90 per cent. of the belt strength. 


Lacing Belts 


Belts fastened by lacing are weakened according to the amount 
of material punched out in making the holes to receive the lacing. 
It is preferable to lace with a small lacing put many times through 
small holes. Such a joint is stronger than a few pieces of wide lac- 
ing through a number of large holes. Figs. 7 and 9 illustrate two 
forms of belt lacing, the latter being far preferable to the other. 
The lacing shown by Fig. 7 is ina double leather belt 5 inches wide. 
The width makes no difference as the strength is figured in percent- 
age of the total width. There are four holes in this piece of belt, 
each hole 2 inch in diameter. The aggregate width thus cut out 
of the belt.is 4 X $inch = 142 = 1}inches. Then 1.5 + 5 = 0.30, 
or 30 per cent. of the belt has been cut away—nearly one-third of 
the total strength. 


Another Method of Lacing 


In Fig. 9 a different method is followed. Instead of there being a 
few large holes, there are more smaller ones—one-fourth more, in 
fact. There are five holes, each ;% inch in diameter, making a 
total of 4% inch or 0.9375 X 5 = 18% per cent. leaving 81} per 
cent. of the total belt strength against 70 per cent. in the belt with 
large holes. A first-class double leather belt will tear in two under 
a strain of about 500 pounds to each lace hole, the strain being 
applied in the holes by means of lacings. 

The belt shown by Fig. 9 has 8r per cent. of 1.875 square inches 
of section, = 1.525 square inches left after cutting out the five holes. 
This amount. is good for 3000 X 1.875 = 5625 pounds breaking 
strain, and as the lacing will tear out under 2500 pounds, it will be 
_ seen that we cannot afford to use lacings if the full power of the 

leather is to be utilized. This, under a factor of safety of 5, would 
be 1125 pounds to the square inch, or 1125 X 1.525 = 1715 pounds 
working strain for the belt, or 1715 + 5 = 343-5 pounds to each 
lace. This, too, is too much, as it is less than a factor of safety of 2. 

The belt to carry 40 pounds working tension to the inch of width 
must also carry about 40 pounds standing tension, making a strain 
of 80 pounds to the inch, or 80 X 5 = 400 pounds. This isa better 
showing, and gives a factor of safety of 2500 + 4oo = 6%. _ Still, we 
are wasting a belt of 5625 pounds ultimate strength in order to get 
from it 400 pounds working strain. This means a factor of safety 
of over 14 in the body of the belt but of only 6% at the lacing, which 
shows the advantage of a cement splice. 

Fig. 10 shows a method sometimes used to relieve the lace-holes 
of some of the strain. Double rows of holes are punched as at a b, 
and the lacing distributed among them. As far as helping the 
strength of the belt is concerned, this does nothing, for all the stress 
put upon the belt by the lacing at c must be carried by the belt sec- 
tion at a; therefore this way of punching holes does not increase the 
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section strength. Neither does staggering the holes as shown at d 
and e. The form of hole-punching shown at a bc is desirable for 
another reason. It distributes the lacing very nicely and does not 
make such a lump to thump when it passes over the pulleys. 


ALIGNING SHAFTING BY A STEEL WIRE 


A STEEL wire is often used for aligning shafting by stretching it 
parallel with the direction of the shaft and measuring from the shaft 
to the wire in a horizontal direction. This steel wire can also be 
used for leveling or aligning in a direction at right angles to the other, 


SacGs oF A STEEL ALIGNING WIRE FOR SHAFTING 


Distance in Feet, from Reel to Point of Measurement 
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by making vertical measurements, if it is stretched under estab- 
lished conditions and if the sags at the points of measurement are 
known, The accompanying table gives the sags in inches from a 
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truly level line passing through the points of support of the wire, 
at successive points beginning 1o feet from the reel and spaced ro 
feet apart for a No. 17 Birmingham gage high grade piano wire, 
stretched with a weight of 60 pounds, wound ona reel of a minimum 
diameter of three and one-half inches and for total distances 
between the reel and point of support of the wire varying by incre- 
ments of 10 feet from 40 to 280 feet. Thus a wire of any con- 
venient length, of the kind indicated, can be selected, so long as this 
length is a multiple of ro feet and between the limits specified, and 
the table gives the sags from a truly level line at points ro feet 
apart for its entire length when it is stretched under the conditions 
designated. These sags being known, direct measurements can 
be made to level or align a shaft by vertical measurements. 

The method was originally developed for alining the propeller 
shafts of vessels, but it is equally serviceable for semi-flexible shaft- 
ing, as factory line shafts. 


SPEED OF SHAFTING 


Line shaft speed varies with machinery it drives. Probably 250 
r.p.m. is an average today, with cases of 400 r.p.m. even on 4-in. 
shafts and 600 to 700 r.p.m. on 2-in. shafts for high speed machinery. 


HORSE POWER OF STEEL SHAFTING 


For Link SHArT SERVICE 


4 Revolutions per Minute a 
7) AS %& 
g o 
4d Hee 
#g| 100] 125 | 150 175 200| 225 250 300 350 goo |S 3s 
zy | 2.4) 3-1] 3-7) 4-3) 4-9) 5-5] 6-2) 7-3] 8.5] 9-7] «ss 
Iro 43| 5:3) | Ong 9.4 8.5 9:5| 10.5|\ 22.7! 14.8] 16.9] 6.8” 
ath 6.7 8.4] I0.r IL.7 13.4 15.1 16.7 20.1 23.4 26.8} 7.2” 
£t8 | 10,0] 12.5] 15.0] 17.5 20.0] 22.5 25.0| 30.0] 35.0] 40.0] 8.2” 
i 4 24.9 


| 28.5] 32.1] 35.6] 42.7] 49.8] 57.0] 8.9” 
ars | 19.8| 24.4] 20.3| 34-1| 39.0] 44.1] 48.7] 58.5] 68.2] 78.0] 9.6” 
ath | 26.0] 32.5] 30.0] 43-5] 52.0] 58.5] 65.0] 78.0] 87.0] 104.0] 10.2” 
ath | 33.8} 42.2] 50.6] 509-1| 67.5] 75.0] 84.4] ror.3} 118.2] 135.0 10.8” 
3y's | 43.0| 53-6] 64.4] 75-1| 85.8] 96.6] 107.3} 128.7] 150.3] 171.6) 11.4’ 
315 | 53-6] 67.0] 70.4] 93.8] 107.2] 120.1] 134.0] 158.8] 187.6] 214.4] 12.0 
344 | 65.9] 82.4| 97.0] x15-4| 121.8] 148.3] 164.8} 195.7| 230.7| 243-0] 12.5” 
3t% | 80.0] 100.0] 120.0] 140.0] 160.0] 180.0] 200.0] 240.0] 280.0] 320.0] ....! 
Avs |113.9| 142.4] 170.8] 199.3] 227.8] 256.2] 284.7) 341.7] 3098.6] 455.6 
ai 150.3] 195.3| 234.4] 273-4 312.5] 351.5] 390.6) 408.7} 546.8} 625.0 

207.9} 260.0| 311.9] 363.9] 415.9] 459.0] 520.0] 623.9] 727.9] 830.0 
6 270.0] 337.5| 405.0| 472.5] 540.0] 607.5] 675.0] 810.0] 945.0} 1080.0 
64 1343.3] 429.0] 514.9] 600.7] 686.5] 772.4] 858.0] 1029.0] 1201.0] 1372.0 
7 428.8] §35.9| 643.1). 750.3] 847-5] 964.7] 1071.9] 1286.0] 1500.0] 1695.0 
8 640.0] 800.0] 960.0] 1126.0] 1280.0] 1440.0] 1600.9] 1920.0] 2240.0] 2500.0 


This table is based on the formula 


8 R 
M = «Cela For heavier work use M = 
80 I0o0 
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For head and jack shafts, supported by bearings close to main 
sheave or pulley so as to prevent transverse strain, the following 
formula may be used with safety: 


_ DIX R 
Serer 
D = Diameter of shaft in inches. 


R = Number of revolutions per minute. 
M = Horse-power. ° ) 


M 


Deflection of shafting from weight of pulleys and pull of belting 
should not be allowed in excess of .oor per foot, as this action adds 
very rapidly to the power cost. If this deflection is at a clutch, 
sleeve or roller bearing, any of them may be ruined easily and 
quickly. It can be reduced by using more hangers. H 


SPEEDS OF PULLEYS AND GEARS 


Tur fact that the circumference of a pulley or gear is always 
3.1416 or 3% times the diameter makes it easy to figure speeds by 
considering only the diameter of both driver and driven pulleys. 
Belting from one 6-inch pulley to another gives the same speed to 
both; but if the driving pulleyis 16 inches and the driven pulley 
only 4 inches it is clear that the small pulley will turn 4 times for 
every turn of the large pulley. If this is reversed and the small 
pulley is the driver, the large pulley will only make one turn for 
every four of the small pulley. The same rule applies to gears if 
the pitch diameter and not the outside diameter is taken. The fol- 
lowing rules have been arranged for, convenience in finding any 
desired information about pulley or gear speeds. 


HAVING TO FIND RULE 


Multiply Diameter of 


Diameter of Driving Pulle Driving Pulley by its 

Tiametse of Drives Pulley” Speed of Driven Pulley Speed and divide by 

Speed of Driving Pulley ancl ad of Driven 
ulley. 

area Didinerer of 

Diameter of Driving Pulle riving Pulley by its 

Speed of Driving Pulley if Diameter of Driven Pulley Speed and Divide 

Speed of Driven Pulley by Pees of Driven 
ulley. 

Multiply Diameter of 

Diameter of Driving Pulley He Driven Pulley) by its 

Diameter of Driven Pulley Speed of Driving Pulley Speed and Divide by 

Speed of Driven Pulley Diameter of Driving 
, Pulley. 

Multiply Diameter of 

Diameter of Driven Pulley “ he Driven Pulley by its 

Speed of Driven Pulley Diameter of Driving Pulley Speed and Divide 

Speed of Driving Pulley by Speed of Driving 


Pulley. 
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CIRCUMFERENTIAL SPEEDS IN FEET PER MINUTE 
(See page 668) 


Revolutions per Minute 


50 | 100} 150 | 200 | 250 | 300 | 350 400 450 500 550 

I 13 26 30 52 65 79 92 I05 118 131 144 

2 20 52 79| 105) 131) 157| 183 209 236 262 288 

3} 39 | 79) 118) 157] x96] 236) 275 314 353 393 432 

4 | 52 | 105} 157} 209] 262) 314) 367 410 471 523 576 

5 | 65 | 132] 196) 262} 328) 303] 458 524 580 654 720 

6 | 79 | 157) 236] 314] 303) 471| 550] 628 707 785 863 

71 92 | 183| 275) 367| 458] 550] 64x 733 825 | 916) | 1,008 

8 | tos | 209] 314] 410] 524] 628] 733 838 | 942 | 1,047 | 1,152 

9 | 118 | 236) 353] 471] 580] 707] 825 942 | 1,060 } 1,178 | 1,296 

To | 131 | 262} 393) 524] 655] 785] 916 | 1,047 | 1,178 | 1,300 | 1,440 

Ir | 144 | 288] 432] 576] 720] 864] 1008 | 1,152 | 1,206 | 1,440 | 1,584 

12 | 157 | 314) 471) 628) 785} 943] r100 | 1,257 | 1,414 | 1,571 | 1,728 
13. | 170 | 340| 5rxj 68x] 851] ro2r| rrox ; 1,361 | 1,532 | 1,701 | 1,872 

14 | 183 | 367| 550| 733] 916] 1100] 1283 | 1,466 049 1,832 016 

15 | 196 | 393] 580) 785] 0982) 1178] 1375 | 1,572 | 1,767 | 1,003 | 2,160 

16 | 209 | 419] 628) 838] 1047] 1257| 1466 | 1,675 | 1,885 | 2,004 | 2,304 

17 | 223 | 445) 668] 800] 1113] 1335] 1558 | 1.780 | 2,003 | 2,225 | 2,442 

18 | 236 | 471} 707| 943] 1178] 1414] 1649 | 1,885 | 2,121 | 2,356 | 2,502 

19 | 249 | 497} 746) 905] 1244] 1492] 1741 | 1,990 | 2,238 | 2,487 | 2,736 

20 | 262 | 524) 785] 1047] 1309] 1571] 1833 | 2,004 | 2,356 | 2,618 | 2,880 

g | 21 | 275 | 550} 825] 1100] 1374] 1649] 1924 | 2,190 | 2,474 | 25749 | 3,024 
| 22 | 288 | 576) 864] 1152] 1440] 1728] 2016 | 2,304 | 2,592 | 2,880 | 3,168 
& | 23 | 301 | 602] 903} 1204] 1505] 1806] 2107 | 2,409 | 2,710 | 3,011 | 3,312 
1 | 24 | 314 | 628) 043] 1257] 1571| 1885] 2109 | 2,513 | 2,827 | 3,142 | 3,45 
A] 25 | 327 | 655| 982] 1300] 1636] 1963] 2291 -| 2,618 | 2,045 3)273 | 3,000 
3 | 26 | 340 | 681] 1021] 1361] 1702] 2042] 2382 | 2,723 | 3,003 | 3,403 | 3,744 
@ | 27 | 353 | 707| 1060] 1414] 1767] 2121) 2474 | 2,827 | 3,181 | 3,534 | 3,888 
& | 28 | 367 | 733] 1100] 1466] 1837| 2190] 25606 | 2,932 | 3,200 | 3,605 | 4,032 
€ | 29 | 380 | 750] 1139] 1518} 1898] 2278] 2657 | 3,037 | 3.417 |/3,700 | 45176 
A | 30 | 303 | 785] 1178] 1571] 1964] 2356] 2749 | 3,142 | 3,534. | 3,027 | 4.320 
31 | 406 | 812} 1217] 1623} 2020] 2435] 2840 | 3,246 | 3,652 | 4,058 | 4,464 

32 | 419 | 838) 1257] 1676] 2094] 2513] 2032 | 3,351 | 3,770 | 4,180 | 4,008 

33 | 432 | 864) 1296] 1728] 2160] 2592] 3024 | 3,456 | 3,888 | 4,320 | 4,752 

34 | 445 | 890) 1335] 1780! 2225] 2670, 3115 | 3,560 | 4,006 | 4,45r | 4,806 

35 | 458 | 916] 1375] 1833] 2201] 2740] 3206 | 3,065 | 4,123 | 4,581 | 5,040 

36 | 472 | 943] 1414] 1835] 2356] 2827] 3200 | 3,770 | 4,24 | 4,712 | 5,184 

37 | 484 | 960] 1453] 1937] 2422] 2006] 3300 | 3,875 | 4,359 | 4,843 | 5,328 

38 | 497 | 995] 1492] 1990] 2487] 2085] 3482 | 3,070 | 4,477 | 4,074 | 5,472 

39 | SIE |1o021} 1532] 2042] 2553} 3063] 3573 | 4,084 | 4,505 | 5,105 | 5,016 

4° | 524 |1047| 1571] 2094] 2618] 3142] 3665 | 4,189 | 4,712 | 5,236 | 5,760 

41 | 537 |1073| 1610] 2147] 2683] 3220] 3757 | 4,204 | 4,831 | 5,307 | 5,004 

42 | 550 |1100] 1640] 2190] 2740] 3290] 3848 | 4,308 | 4,048 | 5,498 | 6,048 

43 | 563 |1126] 1680] 2251] 2814] 3377| 3040 | 4,503 | 5,006 | 5,629 | 6,192 

44 | 576 |r152| 1728] 2304] 2880} 3456] 4032 | 4,008 | 5,184 | 5,760 | 6,336 

45 | 589 |1178] 1767] 2356] 2045] 3534] 4123 | 4,712 | 5,301 | 5,802 | 6,480 
46 | 602 |1204] 1806] 2408] gorz| 3613] 4215 | 4,817 | 5,419 | 6,021 | 6,623 

47 | O15 |1232/ 1846] 2461] 3076] 3692] 4307 | 4,922 | 5,537 | 6,152 | 6,768 
48 | 628 |1257| 1885] 2513] 3142| 3770] 4308 | 5,027 | 5,655 | 6,283 | 6,012 
49 | 641 |1283] 1924) 2566] 3207| 3849] 4400 | 5,131 | 5,773 | 6,414 | 7,056 
50 | 655 |1300| 1963] 2618] 3273] 3027] 4581 | 5,236 | 5,801 | 6,545 | 7,200 


BELT SPEEDS 


CIRCUMFERENTIAL SPEEDS IN FEET PER MINUTE 
(See page 668) 
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Diameter in Inches 


Revolutions per Minute 


50 | TOO | 150 | 200 | 250 | 300 | 350 400 45° 500 550 
5t | 668] 1335] 2003] 2670] 3338] 4006] 4673] 5,341} 6,008] 6,676 | 7,343 
52 | 681| 1361| 2042| 2723] 3403] 4084] 4764| 5,445] 6,126) 6,807 | 7,487 
53 | 604] 1388] 2081] 2775] 3460] 4163] 4856] 5,550] 6,244) 6,038 | 7,631 
54 | 707] 1414] 2121] 2827] 3534] 4241] 4948] 5,055] 6,362] 7,000 | 7,775 
55 | 720] 1440] 2160] 2880] 3600] 4320] 5040] 5,760) 6,480] 7,109 7,919 
56 | 733| 1466] 2199] 2032| 3665] 4398] 5131] 5,864] 6,507) 7,330 | 8,063 
57 | 746| 1492| 2238] 2085| 3731| 4477| 5223| 5,060] 6.715] 7,461 | 8,207 
58 | 759] 1518] 2278] 3037] 3706] 4555| 5314] 6,074] 6,833} 7,592 | 8,351 
59 | 772| 1545] 2327] 3080] 3862] 4634] 5406] 6,178} 6,951] 7,723 | 8,405 
60 | 785] 1571] 2356] 3142] 3027] 4712] 5498] 6,283] 7,069] 7,854 | 8,630 
61 | 799| 1597] 2395] 3194) 3992| 4791] 5580] 6,388] 7,186) 7,085 | 8,783 
62 | 812] 1623] 2435| 3246] 4058] 4870] 5681] 6,493] 7,304] 8,116 8,027 
63 | 825| 1640] 2474| 3209] 4123! 4948] 5773] 6,507] 7,422} 8,247 | 9,071 
64 | 838| 1676) 2513| 3351| 4189] 5027] 5864] 6,702| 7,540) 8,378 | 9,215 
65 | 85r| 1702|.2552| 3403] 4254] 5105] 5050] 6,807] 7,058) 8,508 | 9,359 
66 | 864] 1728] 2592] 3456| 4320] 5184] 6048] 6,912] 7,775] 8,640 | 9,503 
67 | 877| 1754] 2631] 3508] 4385] 5262] 6139} 7,016; 7,893] 8,770 | 9,647 
68 | 890] 1780] 2670] 3560] 4451| §541| 6231) 7,121] 8,011] 8,901 9,791 
69 | 903| 1806) 2710] 3613] 4516} 5419] 6322] 7,226] 8,120) 9,032 | 9,035 
70 | 916| 1833] 2749] 3665] 4582] 5408) 6414] 7,330] 8,247] 9,163 | 10,079 
71 | 929] 1850| 2788] 3718] 4647] 5576] 6506] 7,435) 8,365) 9,204 | 10,223 
72 | 943) 1885) 2827| 3770| 4712] 5055| 6597] 7,540) 8,482) 9,425 | 10,367 
73 | 956| rort| 2867| 3822] 4778] 5733| 6080] 7,644] 8,600] 9,556 | 10,511 
74 | 969| 1937] 2906] 3875] 4843] 5822) 6781) 7,740] 8,718] 9,687 | 10,655 
75 | 982| 1964} 2045} 3927| 4909] 5890) 6872] 7,854] 8,336) 9,818 | 10,79° 
76 | 995| 1990] 2085| 3979] 4974] 5969] 6964] 7,050] 8,054] 9,948 | 10,043 
77 \1008} 2016] 3024| 4032| 5040] 6048] 7056} 8,063) 9,072] 10,079 | 11,087 
78 \r021| 2042] 3063] 4084| 5105| 6126] 7147| 8,168) 9,180] 10,210 | 11,231 
79 |1034| 2068] 3102] 4136| 5171] 6205] 7230] 8,273] 9,307] 10,341 | 11,375 
80 |1047| 2004] 3142] 4189] 5236] 6283] 7330] 8,378) 9,425] 10,472 | 11,510 
8r |x060] 2121] 318r] 4241] 530%] 6362] 7422] 8,482] 9,543] 10,603 | 11,663 
82 |1073| 2147] 3220] 4204] 5367| 6440] 7514) 8,587] 9,660] 10,734 | 11,807 
83 |1087| 2173] 3259] 4346] 5432| 6519] 7605] 8,602) 9,778] 10,865 | 11,951 
84 |1100| 2199] 3290] 4398] 5498! 6507] 7607! 8,797] 9,806) 10,996 | 12,099 
85 |x113| 2225] 3338| 4451] 5563] 6676 7789| 8,901} 10,014] 11,127 | 12,235 
86 |x126| 2251| 3377| 4503| 5620] 6754| 7880] 9,006] 10,132] 11,257 | 12,383 
87 |1130| 2278] 3417] 4555| 5694] 6833] 7972] 9,111] 10,249] 11,388 | 12,527 
88 |x152| 2304] 3456| 4607| 5760] 6912] 8063] 9,215] 10,367] 11,519 
89 |x161| 2330] 3495] 4660] 5825] 6990] 8155] 9,320] 10,485] 11,050 
go |1178} 2356| 3534] 4712] 5801] 7060] 8247) 9,425] 10,603] 11,780 
gt |1z91| 2382| 3574] 4765] 5956] 7147] 8338] 9,530] 10,721) 11,912 
92 |1204| 2408] 3613] 4817| 6021! 7226) 8430] 9,634) 10,839] 12,043 
93 |1217| 2435] 3652] 4870] 6087] 7304] 8522) 9,730] 10,956) 12,174 
94 |1231| 2461] 3692] 4922| 6152] 7383] 8613] 9,844] 11,074] 12,305 
95 |1244| 2487| 3731| 4974] 6217| 7461| 8704] 9,948] 11,192] 12,430 
96 |1257| 2513) 3770] 5027| 6283) 7540] 8706] 10,053] 11,310] 12,566 
97 |1270| 2539] 3800| 5079] 6349} 7618) 8888) 10,158] 11,428 
98 |1283| 2566! 3849] 5131| 6414] 7697| 8080] 10,263) 11,545 
99 |1296| 2592| 3888] 5183) 6480] 7775] 9071) 10,367) 11,063 
100 |1309| 2618] 3927) 5236| 0545] 7854] 9403] 10,472) 11,781 
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The rules on page 663 apply equally well to a number of pulley 
belts together or to a train of gears if al/ the driving and a// the driven 
pulley diameters and speeds are grouped together. 


TABLES OF CIRCUMFERENTIAL SPEEDS 


Tur tables on pages 664-667 which give circumferential speeds, 
can be used for obtaining gear and belt speeds and the speed of 
revolving parts of high-speed motors. 

For diameters greater than those given in the tables, the speeds 
can be obtained by adding together the speeds for two diameters 
whose sum equals that of the diameter’ for which we require thé 
speed. For example, to find the speed at a 120-inch diameter and 
200 revolutions per minute, the following calculation is readily made: 


Speed for 100-inch diameter—5236 feet. 
Speed for 20-inch diameter—1047 feet. 


Speed for 120-inch diameter—6283 feet. 


To interpolate, we can use the values given for speed for r- to 
ro-inch diameters, dividing them by 10, 100, 1000, etc., to obtain 
speeds for tenths, hundredths, thousandths, etc. For instance, if 
the speed for 550 revolutions per minute and 46.186-inch diameter 
is required, we proceed as follows: 


For 46 in. vdiametern 2 sie sme oe ke etete wae rans speed = 6623 ft. 
For 0.1 in. diameter = yy of 1-in. diameter speed = 14.4 ft. 
For 0.08 in. diameter = 45 of 8-in. diameter speed = 11.5 ft. 
For 0.006 in. diameter = ,as0 of 6-in. diameter speed = 0.9 ft. 


For 46.186 in. diameter. . 0.05... - 0... cee eae speed = 6650 ft. 
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POWER REQUIRED BY MACHINE TOOLS 


ENncInE LATHES 
Horse-power 


Swing, Average Heavy 
Inches Work Work 
12 4 2 
14 pep acd 
16 ‘eas 2 13 
18 Me Sy Sp.) 
20-22 3 7 10 
24-27 5 7-10 
30 C= ei en hey 
32-36 4Z-I0 «10-15 
38-42 Ty 20 oH 20n=25 
Aorndene 205-25 254 =30 
60-84 = 251-39 39 30-35 


Axtr LATHES 
Horse-power 


Simm@leg. |... s+ echo =) 7Z—-TO 
LDYS: i 3) Ch Re ge ne IO-15 —20 
Locomotive axle.... 25 


WHEEL LATHES 


Horse-power 
Tailstock 
Motor 


48-inch car wheel 15-20 5 
51-60 driving 


ISON ote ohm cya sho 15-20 5 
FOSSA. < ahjrsk lve 25-30 5. 
CC aay eer ee 30-40, 5-72 
BOOM as eh ops 40750 5773 
Quartering attach- 

BFLETRG) ahs" 510s (n-1 © FS 

VertTIcAL Borinc MiLis 

Horse-power 
Size, Average Heavy 
36-42 inches 5 - 73 73-10 
50 inches 74 75-10 
60-84 inches 73-10 10 —I5 
4-12 feet IO -I5 30-40 
14-25 feet B25 30 =40 


Horrzontar Borinc, DRILLING 
AND MiLitinc MACHINE 


Diam. Horse-power for 
Spindle Single Spindle 
32 42 5 nes 72 
42-52 72-19 
so} 10-15 


For double spindle, use double 
the horse-power. 


CyLINDER Bortnc MaAcu. 


Diam. Max. Boring Horse- 
Spindle Diameter power 
4 20 z 
6 30 10 
8 40 I5 
MISCELLANEOUS 


: : Horse-power 
Locomotive rod-boring 


MACHINE... nei erent 74-10 
Car-box boring ma- 

CHINE Ss adele Solan 
6 x r2)iland |/5t x10” 

ORES esi) e ae Se ey 
Car-wheel borer...... IO -15 
PLANERS 
Size, Inches Horse-power 
24X 24 305 
39X 30 Sa 
36x 36 IO-15 
48x 48 15-20 
60x 60 20-25 
72X 72 25-35 
84x 84 25-35 
100 X I0O 35-50 | 
Notre—Normal length of 


table in feet is about one- 
fourth the width in inches. 


FroG AND SwitcH PLANERS 


Inches Horse-power 
36 x 12 30 
48 x 36 30 
Rorary PLANERS 
Diam. Cutter, 
Inches Horse-power 
24- 30 5- 72 
36- 42 Io 
48 —54 15 
60- 72 20-25 
84-100 30-40 
SHAPERS 
; Horse-power 
12-16-inch stroke....... 2 
18-inch stroke.......... 2- 3 
20-24-inch stroke....... 3- 5 
30-inch stroke.......... 5- 74 
20-inch Traverse-head. . 3 
24-inch’ Traverse-head.. 10 
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CRANK SLOTTERS 


Stroke Horse-power 
6- 8 Bmto 
10-12 5 
14 5 ae 
16-18 94-10 
20-30 10 —20 
PrLarn MILLers 
Table- Cross- Horse- 
feed feed power 
34 10 73 
42 r2 . Be) 
50 12 15 


UNIVERSAL MILLERS 
Horse-power 


Nos. 1-1}... 2s D i2 
ING Ha chm ictan ie 3)= 5 
No. 3. SS 5 = 
INowathtes. 0h 74-10 
INGWES ico cues 4 Io ~I5 
VerticaL MiILLers 
Height under Work, 
Inches Horse-power 
12-14 5- 73 
18 Io 
20 I5 
24 20 
HorizontaLt Stas MILrers 
Width 
between Horse-power 
Housings, 
Inches Average Heavy 
24-30 73-10 IO-I5 
36 Io =15 20-25 
60-72 25 75 


CYLINDRICAL GRINDERS 


Diam. Horse-power 
Wheel Average Heavy 
ro in. 5 at 
14 in. bite) 15 
18 in. site) 15 
GRINDING STANDS 
Diam. Horse- 
No. Wheels Inches power 
2 6 $- 1 
2 ae) 2 
2 12 3 
2 18 5 — 74 
2 24-26 73-10 
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MIscELLANEOUS GRINDERS 


Horse- 

Type power 
Wet toolset ot em Z=3 
Flexible swing......... 3 
Angleicock.; ...d/s eae 3 
Pistonitods.,. ‘imsrtetaen 3 
Twist drill. i... s<leneee 2 
Automatic tool........ Buy 
Car wheelin os. ite eee 30 

Burrinc Heaps 

Horse- 
No. Wheels Diam. Power 
2 6 4} 
2 10 I -2 
2 14 foero 

VERTICAL DRILLS 

Horse- 

Size, Inches power 
D2=20,103..c 1 sv areniend I 
Bit 28'S. 0) Aa A eae eee 2 
3O=32),.6%ky See 3 
36-40. . HHH e, ARR 5 
onGoriam Als. oee are oa f 


5 2 
Sensitive drills up to}. } ¢ 


RapraL DRiILis 
Horse-power 


Size Average Heavy 
3-foot arm Dest 3 
4-foot arm 2-3 «#5 = 7h 
5-6—7- footarm 3-5 5 — 7% 
8-o-10- foot arm 5-7} 74-10 


GEAR CUTTERS 
Size, Inches Horse-power 


30x 9 fiend 
48 x 10 eo eta sed 

30-60 X 12 5 — 74 
72X14 7$-I0 
64 X 20 TO-<15: 

Cop Saws 
Diam. Saw, ; 
Inches Horse-power 

20 13, 
26 ine} 
32 73 
30 IO-15 
42 20 
48 25 

Hacksaws 4 
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Bort Currers 


Single, Inches Horse-power 


LD (21 eee ee I-2 
TOD 28 
22, oa Dieta b ciagehr icicle eves So 
HTN" G)s, A el Oc ee 5-72 
Vet el (a 2-3 
Pe GOUDIes. <2 is. « 3-5 
cite. Aw oan) (ara 3-73 


Bort POINTERS 


Horse-power 
Ts, 2pamches. Hh... . el: I-2 


Nut TAPPERS 


Horse-power 


I, 2-inch 4-spindle...... 3 
2-inch 6-spindle...... 3-5 
2-inch to-spindle...... 5 
2-inch nut facer....... 3 


Prre THREADING AND CUTTING- 
OFF MACHINES 


Size of Pipe, Inches Horse-power 


bt 2 
3 3 
1z- 6 3-5 
2-8 355 
3 —10 5 
4-12 5 
8 -18 73 
24 Io 
HAMMERS 
Size, Pounds Horse-power 
aS 2-5 
100-200 5-74 
Drop hammers require 


approximately 1 horse-power 
for every 100-pound weight of 
hammer head. 


Horse-power 
too-pound Bradley hammer 3 
200-pound Bradley hammer 5 
350-pound Beaudry hammer 5 
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BULLDOZERS, FORMING OR 
BEnpinG MACHINES 


Width, Head Move- Horse- 

Inches ment, Inches power 
29 14 5 
34 16 73 
39 16 Be) 
45 18 15 
63 20 20 


Bott HEADERS (HOT) 


Size, Inches 
goo} 

at 

Ig-2 


Horse-power 
1 
ewe 
IO-I5 


UpsETTING MACHINES 


Inches Horse-power 
a 74-10 
3 TOW 15) 
5 15 20 
: 6 30 —40 
Hyp. WHEEL PREss 
Size, Tons Horse-power 
100 5 
200-300 74 
' 400 ate) 
600 15 


BENDING AND STRAIGHTENING 


ROLLS 
Width, Thickness, Horse- 
Inches Inches power 
4-6 te- 2. 5 
6 s- i Bet5 
8 t 25 
10 1Z-13 35-50 
24 T 50 
SHEARS 
Horse-power 
Gap Width, Cut 4 Cut } 
Inches Iron Iron 
30-42 5 5 
56-60 4 72 
72-96 5 Io 
Boltishearss., .bvss.s. Rk: 7k 
Double-angle shears... .... IO 
Rotary bevel shears....... 7 
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PLATE SHEARS Motors UsuatLty EmMPLoyvep 
Ne FOR CRANES AND Hoists 
Metal, per Stroke, Horse- Hoist Sneed 
Secu Min. Inches power Capacity, Feet noe ee. 
qx 24 35 3 Io Tons Minute power 
Tex 24 20 3 15 5 A 15 
2 it 44. ms * Ate GO 50 25 
I gm 42 20 4 20 se) 30 25 
dix 42 m5 43 60 40 40 
Lhe) 54 TS. 6 75 15 20 25 
Tt X72 2044154 65 20 15 25 
I}XI00 10-12 — at 75 25 10 25 
15 Fe} 
3° 14 as; 
5 aux. 50 25 
Io aux. 25 25 
; 50 Io 40 
LEVER SHEARS § aux: 50 25 
Metal Cut, Inches Horse-power Io aux, 25 25 
aA a : 1 5, Beep Trolley 
Ig X Ig 72 : Capacity, Span, Horse- | Horse- 
2. KAD se) Tons Feet power power 
One xor 10 5 60 207 13 
24 x 23 Io 10 80 rie Gs 
LX 7 15 15 80 25 5 
22 x 23 I5 20 80 agi 
13 x8 20 25 80 2590815 
32 X 32 20 30 80 33-72 
42 round 30 35 80 40 72-10 


POWER REQUIRED FOR PLANING-MILL EQUIPMENT 


Banp SAws CrrcuLtar Rip SAws 
hae Diam. No. of Horse- 
Diam. Wheel, Width Horse- ge eh Sover 
Inches of Saw power 4 5, 
oO 1 2 16 I 72 
34 Roig oe : ne 
6 I I 
36-38 ue ee 3 5 
40-42 13 3-72 SURFACERS 
Size, No. Horse 
Inches Heads power iG 
30 x6 I-72 ai pris 20 5 
24.x 6 142 -/aseee a 
Cut-orr Saws 30x 8 2 30, (8 
: i 
Diam. No. of Horse- 26x8 2 3° n 
Saw Saws power Hee 
24x6 I Bee72 |) 
Roe i 3 16 x6 I S72 le 
16 2 73-10 ithe f ta Nhe 
2 
30 ii wh 30x 8 I 5 He) 3 
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PLANERS, MATCHERS AND JOINTERS 


FLoorinc MAcuHINES Inches Horse-power 
Size, Horse- 8-12 2 
Inches Heads power 16-24 3 
9x8 4-5 30 30-36 5 
19x8 = fo) 
* x8 - me TENONING MACHINES 
No. 
Inches Heads Horse-power 
$2 X 14 I 37) ne 
OutsipE MovuLpers a K 15 2 5 
Capacity, No. Horse- 23 xX 9 2 73 
Inches Heads power 54 x 4% 4-8. 10-15 
4X4 c2 5 78 X 4% 4-8 10 —15 
4X4 3-4 7A Gainers “alo —15 
6x4 i2 5 
6x4 3-4 7} BELT SANDERS 
8x4 4 1o Width of Belt, Inches Horse-power 
IOX4 4 15 6-14 2-3 
12X15 4 20 18 5 
Drum SANDERS 
. Length of Drum, 
InsiE Movutpers ‘ Inches Horse-power 
Inches Horse- 30 by 
power 36 Io 
8x4 4 15 42-48 15 
Iox4 4 15 54-60 20 
10 x6 4-5 20-30 72— 84 30 


Group Drivinc or MacuiInes 


There are many shops where group driving will be found more 
desirable than the use of individual motors, in both first cost and 
maintenance, particularly where the machines are comparatively 
small and run intermittently, as the cost of motors will be much less. 

Friction load of 23- to 3-inch shafting, with bearings 8 to ro feet 
and running at 150 to 200 revolutions per minute, is about 1 horse- 
power for every 30 feet of shafting. This includes the friction of 
countershafts of the machines driven by it. 

In group driving it is usually safe to select a motor having a 
rated capacity of from 25 to 30 per cent of the total power required 
for the machines in the group if this exceeds the maximum power 
needed by a single machine of the group. 


PowER REQUIRED FOR PUNCHING AND SHEARING 


Experiments tend to show that with steel plates of 60,000 pounds 
tensile strength, the metal is all sheared when the punch has passed 
one-third through the plate. The following formula by L. R. 
Pomeroy takes this into account and also allows the motor an 
efficiency of 80 per cent and the punching machine 75 per cent. 
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When T = full thickness of plate. 
D = diameter of hole punched. 
N = number of holes punched per minute. 
P = horse-power required to drive machine. 
. TEX D XN 
3.78 
Taking a 3-inch hole in a 4-inch plate, the power required to 
punch 30 per minute would be 


HSB 
24S KBP eis or about 1 horse-power. 


3.78 3-7 
Pressure required for shearing = length of cut x thickness in 
inches < shearing strength of material. Dies with ‘‘shear” reduce 


this one-third to one-half. 


PowrER REQUIRED TO Remove METAL 


The power required to remove metal depends on the amount of 
metal removed per minute and the nature of the cutting tool. With 
a cutting angle of 75 to 80 degrees, tests show that for mild steel 
of 40-point carbon 1 horse-power will remove 1.5 cubic inches of 
metal per minute. 

For average conditions and with tools as ordinarily used, tests 
show that to remove 1 cubic inch of metal per minute requires the 
amount of power shown in the table. 

Horse-power 


Brass.and similar alloys... .cf1. oats «al crepes 0.2 -0.3 
Cast inons. Vicente ois on bore eetiees omen 0.3 -0.5 
Wire ht tron sepricnta 2s oc eho epy eee ace een 6 
Mild steel (0.30 to 0.40 per cent carbon)..... 2s 
Hard steel (0.50 per cent carbon)............ I.0O-1.25 
Very. hard ‘tirestéel.ts. WOay ee ieee a L450 


Two important factors enter into the problem of power for driv- 
ing machines. These are the Time Factor and the Load Factor. 
Actual Cutting Time 
Total Time to Complete Operation 
Average Daily Load 
Full-Load Rating of Motor 

Many tests give the following load factors: 

The average load factor for motors driving lathes is from 10 
to 25 per cent. On some special machines, as driving wheel and 
car-wheel lathes, the cuts are all heavy, increasing the average 
load factor to from 30 to 4o per cent. 

For extension boring mills, 5-horse-power motors are used to 
move the housings on from 1o- to 16-feet mills, 7} horse-power for 
from 14- to 20-feet mills and ro horse-power for from 16- to 24-feet 
mills. The load factor of the driving motor on boring mills aver- 
ages from 10 to 25 per cent. 

The load factor of motor-driven drills is about 40 per cent when 
the larger drills applicable thereto are used. If the smaller drill 
are used the load factor averages 25 per cent and lower. 


Time Factor = 


Load Factor = 
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For the average milling operations the load factor averages from 
ro to 25 percent. Onslab milling machines, where large quantities 
of metal are removed, it will average from 30 to 40 per cent. 

The work on this class of machinery is usually light and much 
time is required in making adjustments. Hence the load factor is 
rarely higher than 20 per cent. 

On planers the load factor averages between 15 and 20 per cent: 
With 10 horse-power or under belt-shifting drives probably give 
better results than direct-connected reversing motors. 

The work done on shapers is of a varying character. _ With light 
work the load factor will not exceed from 15 to 20 per cent; with 
heavy work, the load factor will be as high as 4o per cent. 

The conditions with slotters are similar to those on shapers. 


HoRSE-POWER TO Drive MACHINES ° 


Extensive experiments by L. R. Pomeroy showed that the horse- 
power required equals the Feed per rey. or stroke X Depth of 
cut in inches X Cutting speed in feet per minute X 12 X Number 
of tools cutting xX a Constant which depends on the material. 
This checks up fairly well with actual motor tests. The constants 
given are: 


CB EEMTON aire cis Gives tM ee ee 0.35 too.5 
Wrought iron or soft steel’. ............... 0.45 too.7 
Locomotive driving wheel tires............ 0.70 to 1.00 
Men ATCC Steels hf heen ETUC sai. 1.00 to 1.10 


Handling this in another way, Charles Robbins of the Westing- 
house Electric & Manufacturing Co. gives: The horse-power = 
Cubic inches removed per minute * a Constant. These constants 
are: 


iBrassiand similar alloys: 22: wy oh eye ree Soe) Ox 250 (Ong 
(CHES EWC) oS, 2a Te ea 0.3 to0.5 
ae] OF 01 Fa 0) « eee A CRORES cried ee A 0.6 
Mild steel (0.30 to 0.40 carbon) ........... 0.6 
Ward: steel. (0.50 carbon)... 01 ....0.6600 008 1.00 to 1.25 


Mervhata tire: steel.) bs .f aaa, he re 1.50 
These represent average conditions with the cutting tools ordi- 
narily used. . 
A brief summary of the studies by Mr. Robbins gives interesting 
data on various machines. These give factors as follows: 


Time Load 

Factor Factor 
Wertical boring machine ...........shaecoess 44% 27% 
PRAM GEUUN GE MACHINE ob... cis phate vec es 4lI 10 
Fortapie milling machine ........ 02.5.0. 0e+- 54 55 
Portable slotting machine .................. 50 12 


eae E RRR 2 5 G6 ais, alc dhe aye atsia ackua cade 55 
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L. R. Pomeroy also gave a method of determining the horse-power 
required by the belt used to drive the machine. The formula is: 


Hp. = Thickness of belt in inches X Width of belt in inches X 
Diameter of pulley in inches X Revolutions per minute < 
Constant for kind of belt. 


These constants are: 


Woeather. Dele Aisha erates al Teen Aseeese le 0.0062 to 0.0098 
Cotkon belt ate wy cada kee ea aoe ©.0036 to 0.0068 
Rubber beltaace ont seusiekciue Tauroe 0.0050 to 0.0082 


SPEED FOR WOOD TURNING 


A good average speed for a wood turning lathe is a surface or 
cutting speed of from 1,000 to 1,500 ft. per minute. Where work 
does not exceed 1-in. diameter the lathe may be run 3,000 r.p.m.; 
for 2-in. stock 2,500; for 3-in., 2,000, or a little less, and for larger 
stock, the speed is reduced in proportion. 


COOLING HOT BEARINGS 


A hot box can be cooled by pouring sulphur on the bearing. It 
melts at 220 degrees and puts a smooth surface on both journals 
and bearings. It fills oil groove but can be dissolved with benzine 
if machine cannot be stopped. Either stick or flowers of sulphur 
will do. Graphite is also good but cannot be used where the color 
is objectionable as in flour mills or other white stock. 
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GUIDE TO THE SELECTION oF Motors 


SSS EE 


Type of Motor 


Remarks 


a 


Shunt-wound motors........ 


Compound-wound motors.... 


DerlesMOterss . iia oe eee. 


Squirrel-cage motors........ 


Squirrel-cage motors, high- 
resistance rotors.......... 


Slip-ring motors............ 


Multi-speed motors......... 


REED GOUE 8 ol ctvlen so ais So, areca os 


When*the™ ork is of a fairly steady nature. 

When a Considerable range of speed adjust- 
ment is desired. 

When fairly close speed regulation is 
required. 


When there are sudden calls of short dura- 
tion for heavy loads. , 

When heavy starting duty is required. 

Where for these duties series motors could 
not be used on account of excessive light 
load speeds. 


When excessive starting torques are re- 
quired, but only when speed regulation 
is not important and only when light 
load speeds do not exceed point of safety. 


When constant speed is desired and when 
normal starting duty is suitable, 


Where heavy starting duty is needed or 
where high slip is necessary to prevent 
excess motor overloads or intermittent 
peak-load demands. 


When heavy starting duty is required and 
speed control is necessary. Witenes 
speed reduction practicable is 50 per cent. 
This is obtained by series resistor and 
speed is dependent on load. 


When direct current is not available, 

When three or four definite speeds, in con- 
junction with gear changes, will give 
desired speeds, For machine-tool service 
two-phase multi-speed motors are not 
recommended. 


When starting service is infrequent, and not 
severe, the dial type of controllers is suit- 
able. Maximum of one start per hour is 
considered infrequent. 

Tn all other cases, drum or magnetic control 
is recommended. 


ee eee 
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680 HORSE-POWER, BELTS AND SHAFTING 


* 
| BF 
: Vs 
y 2 
ie---A---3! KB 
Diam.of Bolt, Sq.=Diam.of Bolt» 


Hi 
F=Diamof Bolt = 
FOUNDATION BOLTS AND WASHERS 


Data SHEET OF FounDATION Botts AND WASHERS USED AT THE 
CHESTER, Pa., PLANT OF THE AMERICAN STEEL FOUNDRIES 


Weight . , Weight 

Diam. of Bolt | Weight) Weight | of Bach 
0 A B Cc | Weight! + Foot |, of of Addi- 
Bolt in in of Long | Square) Square | tional 
in |Inches Tavlos Inches| Washer,| Includ- | Nut cad Inch 

Inches Pounds ing in in of Bolt, 


Head | Pounds} Pounds | pounds 


$ 5 3 § 2.61 On7 0.085 0.0904 0,056 
$ 5 i 4 2.59 2h. |S Ones 0.168 0.087 
2 6 ; E 3-74 T7271 0.250 0.273 0.125 
t 6 z I Save 2.46 | 0.381 0.416 0.170 
I 6 ¢ I} 3.60 3/27 | 0.552 0.508 0.223 
1} 6 3 1} 3.65 4.21 | 0.769 0.834 0.282 
1} 6 q 14 3.62 PACH leas weal okey TZ 0.348 
13 6 3 Id 3.58 Clee ca (ae AE Yo 1.46 0.421 
1} 8 4 1} 8.68 7S | ol eye 1.87 0.501 
1} 8 3 14 8.62 9.40 | 2.17 2.35 0.588 
1} 8 4 It 8.56 Il.09 | 2.60 2.91 0.682 
1} 8 4 2 8.49 12.93 | 3.26 3-54 0.782 
2 12 4 2k 29.61 14.95 | 3.94 4 27 0.800 
2} 12 4 2} 29.37 LOE 22) Steen 00 527 
2} 12 i 2% 29.10 24.84 | 7.49 8.15 1.301 


The table gives the necessary data from which the weights of 
bolts from 4 to 24 inches in diameter can be computed. ‘The weights 
of the nuts ‘and the sizes and weights of the washers are also given. 
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HEAT TREATMENT OF STEEL 


Tue theory of the heat treatment of steel rests upon the influence 
which the rate of cooling has on certain molecular changes in struc- 
ture occurring at different temperatures in the solid state. These 
changes are of two classes, critical and progressive; the former 
occur periodically between certain narrow temperature limits, 
while the latter proceed gradually with the rise in temperature, 
each change producing alterations in the physical characteristics. 
By controlling the rate of cooling, these changes can be given a 
permanent set, and the physical characteristics can thus be made 
different from those in the metal in its normal state. 

The highest temperature to which it is safe to submit a steel for 
heat treating is governed by the chemical composition of the steel. 
Very low carbon steel may be “heated to about 1650 degrees Fahr. 
but high carbon tool steels will harden at a lower temperature. 
The steel maker’s advice as to the best hardening temperature 
should be given careful consideration. Irom 1400 to 1450 deg. 
Fahr. is usually sufficient. Some of the high-grade alloy steels 
may safely be raised to 1750 degrees Fahr., and the high-speed 
steels may be raised to just below the melting point, usually from 
2000 to 2150 degrees Fahr. It is necessary to raise the metal to 
these points so that the active cooling process will have the desired 
effect of checking the crystallization of the structure. 


Methods of Heating 


Furnaces using solid fuel, such as coal, coke, charcoal, etc., are the 
most numerous and have been used the longest. These furnaces 
consist of a grate to place the fuel on, an arch to reflect the heat and 
a plate to put the pieces on. The plate should be so arranged that 
the flames will not strike the pieces to be heated, and for that 
reason some use cast-iron or clay retorts which are open on the 
side toward the doors of the furnace. 

The use of both gas and oil furnaces is increasing, owing to the 
ease with which the fire is handled and the cleanliness as compared 
with a coal, coke or charcoal fire. The electric furnace is also 
growing in use, the ease with which heat can be controlled being an 
important factor. 

Heating in Liquids 

Furnaces using liquid for heating have a receptacle, such as a 
pot or crucible, to hold the liquid, which is heated by coal, oil, gas 
or other means; the liquid is kept at the highest temperature to 
which the piece should be heated. ‘The piece should be preheated 
slowly in an ordinary furnace to about 800 degrees, after which it 
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should be immersed in the liquid bath and kept there long enough 
to attain the temperature of the bath and then removed to be 
annealed or hardened. 

The bath usually consists of lead, although antimony, cyanate of 
potassium, chloride of barium, a mixture of chloride of barium and 
chloride of potassium in the proportion of 3:2, mercury, common 
salt and metallic salts have been successfully used. 

This method gives good results, as no portion of the piece to be 
treated can reach a temperature above that of the liquid bath; a 
pyrometer attachment will indicate exactly when the piece has 
arrived at that temperature. The bath can be maintained easily 
at the proper temperature and the entire process is under perfect 
control. 

When lead is used it is liable to stick to the steel unless it is pure 
and retard the cooling of the spots where itadheres. Impurities, 
such as sulphur, are liable to be absorbed by the steel and thus affect 
its chemical composition. With high temperatures, lead and cyanate 
of potassium throw off poisonous vapors which make them prohibi- 
tive, and even at comparatively low temperatures these vapors are 
detrimental to the health of the workmen in the hardening room 
unless great care is used in exhausting the fumes by mechanical 
means. The metallic, salts, however, do not give off these poison- 
ous vapors, and are much better to use for this purpose, but many 
times the fumes are unbearable. 


Gas and Oil as Fuel 


Furnaces using gaseous fuel are very numerous and are so con- 
structed that they can use either natural gas, artificial gas or pro- 
ducer gas. They are very easy to regulate and if well built are 
capable of maintaining a constant temperature within a wide range. 

In first cost this style of furnace is greater than that of the solid 
fuel furnaces, but where natural or producer gas is used the cost of 
operating is so much less that the saving soon pays for the cost of 
installation. Illuminating gas, however, is more expensive than the 
solid fuels and is only used where high-grade work demands the best 
results from heat treatment. 

Oil-fired furnaces are also being used in large numbers. 


U. S. ARMORY BROWNING SOLUTION 


First, make ‘‘tincture of steel,”’ by putting 3 pounds of carbonate 
of iron in a stone jar and pouring over this 3 quarts of muriatic acid. 
Let this stand, stirring it occasionally, until the acid ‘“‘cuts” or 
takes up all of the iron that it will. After the muriatic acid becomes 
saturated with the carbonate of iron, pour it into a glass demijohn, 
being careful that none of the remaining sediment goes. with it. 
To this add 9 quarts of grain alcohol, completing the tincture of 
steel. 

To make the Browning solution proper, take 6 ounces of the 
tincture of steel, 6 ounces sweet spirits of niter, 1 ounce nitric acid, 
% ounce sulphate of copper, r ounce corrosive sublimate, and 2 
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quarts of soft water, using a glass stopped bottle to prevent 
evaporation. 

This should stand for 24 hours if possible, although it can be 
used immediately but does not give as good results. The solution 
is applied with a sponge. 


U. S. ARMORY ETCHING ACID 


There are sometimes pieces that are riveted in place after being 
browned. As the riveting must be smoothed down, thereby remov- 
ing the browning, a special etching acid is used for coloring the 
polished portions to match the browning previously put on. The 
etching acid is comprised of x ounce tincture of steel, previously 
mentioned, 2 ounces corrosive sublimate and 1 ounce nitric acid. 
Some of the etching acid is put in a shallow glass dish and the parts 
to be colored are dipped into it. In order to check the working of 
this acid, the parts are immediately dipped in hot water and then 
in a dish of ammonia at full strength, and finally covered with oil. 


HOW TO NITER-BLUE STEEL 


Immerse the chemically clean components in a mixture of 10 
parts of niter (salt peter) to 1 part of black oxide of manganese 
(MnO), by weight, heated to 800 to 850 degrees Fahr. The 
mixture should be contained in a cast-iron pot, heated by any 
suitable fuel. 

Best results are obtained when the components are contained in a 
wire basket. They are allowed to remain in the niter for from 
5 to to minutes, the longer the time the darker the blue. 

Upon withdrawing the components, quench them in water at a 
temperature of from 125 to 150 degrees Fahr. and when dry cover 
them with raw linseed oil and allow them to drain. 

Springs are generally drawn back at from 450 to 600 degrees 
Fahr., depending upon the analysis of the steel. Higher carbon 
content requires higher temperature. Even the 600 degree tem- 
pering temperature is too low for the niter-bluing process and 
another method must be used. To get good results have the springs 
clean and then heat them on the surface of a layer of sand, contained 
in a pan, either in the furnace or by a fire applied underneath the 
pan, until the color desired has been obtained. The parts should 
be turned occasionally during the heating, and after the coloring 
has been completed they should be spread out to cool. 


QUENCHING OR COOLING STEEL 


CooLine apparatus is divided into two classes—baths for hard- 
ening and the‘different appliances for annealing. 

The baths for quenching are composed of a large variety of 
materials. Some of the more commonly used are as follows, being 
arranged according to their intensity on 0.85 per cent carbon steel: 
Mercury; water with sulphuric acid added; nitrate of potassium; sal 
ammoniac; common salt; carbonate of lime; carbonate of magnesia; 
pure water; water containing soap, sugar, dextrine or alcohol; sweet 
milk; various oils; beef suet; tallow; wax. These baths, however, 
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do not act under all conditions with the same relative intensity, as 
their conductivity and viscosity vary greatly with the temperature. 

With the exception of the oils and some of the greases, the quench- 
ing effect increases as the temperature of the bath lowers. Sperm 
and linseed oils, however, at all temperatures between 32 and 250 
degrees Fahr., act about the same as distilled water at 160 degrees. 


ARSENAL “HOT DIP” PROCESS FOR TINNING 


Use a metal composed of 80 parts of lead to 20 parts of tin by 
weight. The steel plate to be tinned is first pickled in a bath of 
40 parts of water to one part of sulphuric acid by volume. After 
pickling, the metal is washed in clean water to remove all traces 
of the pickling acid. The work is then dipped in a flux which is 
made by dissolving zinc in hydrochloric acid until it is saturated. 
After dipping in the flux, the pieces are dipped in the melted metal 
(80% lead — 20% tin) until thoroughly coated and are then 
shaken off and thrown in a pile to cool. 


A Method of Tinning Brass Parts 


Brass parts are placed in layers in a screened basket with tin 
plates between each layer. They are then placed in a copper tank 
filled with water supplied with steam coil and brought to a boiling 
point. Sufficient amount of Cream of Tartar is added until the 
parts are properly plated. Four hours are required to properly 
tin these parts. 

Small parts are placed in a cheese cloth bag in a solution of one 
pint of phosphoric acid (U.S.P. 50%) to four gallons of water. 
Heat to a boiling point until parts begin to turn white, requiring 
about two hours. Remove and place in linseed oil. They are then 
rolled on straw boards to remove the surplus oil. 


The Hardening Bath 


In hardening steels the influence of the bath depends upon its 
temperature, its mass and its nature; or, to express this in another 
way, upon its specific heat, its conductivity, its volatility and its 
viscosity. With other things equal, the lower the temperature of 
the bath, the quicker will the metal cool and the more pronounced 
will be the hardening effect. Thus water at 60 degrees will make 
steel harder than water at 150 degrees, and when the bath is in con- 
stant use the first piece quenched will be harder than the tenth or 
twentieth, owing to the rise in temperature of the bath. ‘Therefore 
if uniform resuJts are to be obtained in using a water bath, it must 
either be of a very large volume or kept cool by some mechanical 
means. In other words, the bath must be maintained at a constant 
temperature. ¢ 

The mass of the bath can be made large, so no great rise in tem- 
perature is made by the continuous cooling of pieces, or it can be 
made small and its rise in temperature used for hardening tools 
that are to remain fairly soft, as, if this temperature is properly 
regulated, the tool will not have to be reheated and tempered later, 
and cracks and fissures are not as liable to occur, 


DRAWING AND ANNEALING 685 


Another way of arriving at the same results would be to use the 
double bath for quenching, that is, to have one bath of some product 
similar to salt which fuses at 575 degrees Fahr. Quench the piece 
in that until it has reached its temperature, after which it can be 
quenched in a cold bath or cooled in the air. 


BATH FOR DRAWING TEMPER 


A very good table from which to make up baths for drawing the 
temper is as follows: 


Melting 
Composition Point in Color of 
of Bath Degrees Steel at Good Temper for 
Lead and Tin F. Temperature Given Carbon Steel 
14 8 420 Very faint yellow 
15 8 430 ©Faint yellow 
16 8 440 Light straw 
17 8 450 Straw Drills, taps, dies, ream- 
ers, punches an d 
shear blades 
18.5 8 460 Full straw 
20 8 470 Dark straw 
24 8 480 Old gold 
28 8 490 Brown Cold chisels, large 
punches, beading 
and calking tools 
38 8 510 Brown with pur- 
' ple spots 
60 8 530, Purple 
96 8 550 Deep purple Smith’s tools, swages, 
hot and cold cutters 
200 8 560 Blue 
Boiling linseed 600 Dark blue Boiler snaps or sets, 
oil stamping and press- 


ing dies 
Melted lead 610 Gray blue 


These are used in a similar manner to the hardening baths, select- 
ing the bath which gives the proper drawing temperature. 


Annealing 


The appliances for annealing are as numerous as the baths for 
quenching, and where a few years ago the ashes from the forge were 
all that were considered necessary for properly annealing a piece of 
steel, today many special preparations are being manufactured and 
sold for this purpose. 

The more common materials used for annealing are powdered 
charcoal, charred bone, charred leather, slacked lime, sawdust, 
sand, fire clay, magnesia or refractory earth. The piece to be 
annealed is usually packed in a metal box, using some of these 
materials or combinations of them for the packing; the whole is then 
heated in a furnace to the proper temperature and set aside, with 
the cover left on, to cool gradually to the atmospheric temperature. 
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While cast-iron boxes are most common, there is an increasing use 
of such alloys as nicrome (nickel and chromium) on account of 
their longer life under continual heating and cooling. 

For certain grades of steel these materials give good results; but 
for all kinds of steels and for all grades of annealing the slow-cooling 
furnace perhaps gives the best satisfaction, as the temperature can 
be easily raised to the right point, kept there as long as necessary, 
and then regulated to cool down as slowly as is desired. The gas, 
oil or electric furnaces are the easiest to handle and regulate. For 
annealing tool steel, about 1400 degrees Fahr. is usually sufficient. 

Annealing is now used to designate heating for the purpose of 
softening. To remove stresses in steel it is heated above the 
calescent point. This is called ‘‘normalizing.” 


HIGH-SPEED STEELS 


These steels are made by alloying tungsten and chromium or 
molybdenum and chromium with steel. These compositions com- 
pletely revolutionize the points of transformation. Chromium, 
which has a tendency to raise the critical temperature, when added 
to a tungsten steel, in the proportions of 1 or 2 per cent, reduces the 
critical temperature to below that of the atmosphere. Tungsten 
and molybdenum prolong the critical range of temperatures of the 
steel on slow cooling so that it begins at about 1300 degrees Fahr. 
and spreads out all the way down to 600 degrees. 

These steels are heated to 1850 degrees for the molybdenum and 
2200 degrees for the tungsten, and arecooled moderately fast, usually 
in an air blast, to give them the property known as “‘red-hardness.”’ 
This treatment prevents the critical changes altogether and pre- 
serves the steel in what is known as the austenitic condition. The 
austenitic condition is one of hardness and toughness. 

One rule which has given good results in heat treating these high- 
speed steels is to heat slowly to 1500 degrees Fahr., then heat fast 
to 2200 degrees; after which cool rapidly in an air blast to r550 
degrees; then cool either rapidly or slowly to the temperature of the 
air. Others advocate cooling in crude oil. 


ALLOY STEEL DEVELOPMENT 


Alloy steels have been developed to meet the needs of modern 
industry which required tougher, stronger and harder steels than 
can be obtained in simple carbon steels. The growth of the auto- 
mobile has been made possible by this development, which, in turn, 
came to meet the needs of the automobile builders. The alloy 
steels vary widely in kind of alloy and in the proportion of alloy 
and of carbon content. The special alloy should be chosen to suit 
the particular requirements of each special case, although there 
are, of course, several alloy steels which will satisfactorily cover 
a large variety of requirements. It must be remembered, however, 
that no alloy steel is a universal steel and best for all purposes. 

The making of alloy steel requires care as much of its value 
adhd upon its being uniform both in physical Si in machining 

ualities. 
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Chrome Nickel Steel 


Chrome nickel steel is made with both high and low carbon con- 
tent. It possesses excellent static qualities but is not generally 
recommended on account of being more difficult to forge, to machine 
and to heat-treat than the other alloy steels. Makers claim that 
it has no physical characteristic which cannot be secured more 
cheaply by either nickel steel or chrome yanadium steel. Not only 
does chrome nickel cost more but the machining and other shop 
processes also cost more than with the other alloy steels. 


Chrome Vanadium Steel 


Chrome vanadium steel ranks very high in the estimation of 
both makers and users, and is made with both high and low carbon 
content as are the chrome nickel steels. The high carbon alloy is 
recommended for springs and constant mesh gears which are to 
be oil-hardened. 

The low-carbon chrome vanadium steels are used for work which 
is to be case-hardened or is to be oil-tempered and annealed for 
such uses as clash gears in automobiles, for axles, steering knuckles 
and similar parts where strength without a trace of brittleness 
must be obtained. By different blendings of these alloys it is be- 
lieved to be possible to secure practically every static property 
which can be obtained from nickel, chrome-nickel, silico-manganese 
or other alloys. With proper heat treatment this alloy also has 
splendid dynamic or anti-fatigue qualities which make it extremely 
desirable for automobile and similar work. 

Chrome vanadium steel also forges and machines easily, being 
considered superior in these respects to chrome nickel steels with 
corresponding carbon percentages. : 


Molybdenum 


. Molybdenum steels have been made for 25 years, but were not 
widely used until a few years ago. One part of molybdenum is 
equal to 2 or 23 parts of tungsten in tool steels and in magnet steels. 
Tf has not been in favor for high-speed tool steels, however, because 
the molybdenum is driven out of the surface of the tool during the 
forging and heat treatment. 

For use in automobiles and other high-grade machinery, x per 
cent of molybdenum greatly enhances certain properties of heat- 
treated carbon and alloy steels. 


RECOMMENDED SPECIFICATIONS FOR MOLyBpENUM STEELS 


(Percentages) 
7 Eur Sul a ae 
S.A.E an- pho- ro- : Molyb- 
Steel ee oe ganese rus Maen mium oe denum 
No Be Range | Maxi- Range nge Range 
mu 
4130 ]0.25-0.35]0.40—-0.70] 0.04 | 0.045]0.50-0.80]......... 0.15-0.25 
4140 |0.35-0.45|0.40—-0.70] 0.04 | 0.045]0.80-1.10]......... 0.15-0.25 
4150 |0.45-0.55/0.40—-0.70] 0.04 | 0.045]0.80-1.10].,....... 0.15-0.25 


4615 |0. 10-0. 20]/0.30—-0.50] 0.04 | 0.045]......... I.25-I.75|0.20—0, 30 
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The various ingredients of steel may be summed up as follows in 
the working of steel: 


Ingredient Its Effect 
Tron aia thd tacnatacd oe es aot eee Go eee The basis of all steel. 
Carponih) taco fe rnc coe stem en es The determinative. 
SUP DITOR sy WR elise eek apes ns es The strength sapper. 
Phosphorust:j.j43-ateetiie ads ce The weak link. 
Oxygent iF bee aetna A strength destroyer. 
Manganese); \ stan ee ahh Adds strength. 
Nickel on SS, Adds strength and toughness. 
‘Tungstenariie wey ish eee Hardener and heat resister. 
Chromium, . (/.4 o64ie. deed ai. «i For’ resisting-shockss 
Vanadium......¢:°............. Purifier and fatigue resister. 
Silicons .dsahyxlasnee degre pamtess Impurity and hardener. 
TLitaniwm gs.iccs ho ee eee Removes nitrogen and oxygen. 
Molybdenum’: }azi.crstalyat ... Hardener and heat resister. 
Aluminunaws.: aga. baaqusaed tie sct! Kills or deoxidizes steel. 


Nickel Steel 


Nickel steel, when made with care and uniformity, is perhaps 
the most generally useful of the alloy steels. With reasonable 
care nickel steel can be made uniform, physically sound and free 
cutting in the machine shop. It can be heat-treated in numerous 
ways to secure different characteristic qualities and has a wide 
field of usefulness. It machines well and can be case-hardened 
very satisfactorily. 


Stainless Steel 


To the Firth Company of Sheffield, England, is given credit for 
“stainless”’ or 12 to 14 per cent high-chromium steel. The name 
is patented, but all high-chromium steels are frequently called by 
similar names. Owing to its great strength at high temperatures, 
it is used for such purposes as valves for internal-combustion 
engines, blades for turbines, etc. Great care must be taken in 
forging to avoid ‘‘cold shorts,” as stresses due to unequal cooling 
are called. 

To anneal for machining, it should be heated to 2400 or 2500 
degrees Fahr., held at this point for about an hour and then allowed 
to cool in air. It can also be cooled in oil without appreciable 
hardening. When so annealed it machines about the same as 3 
per cent nickel or nickel-chromium steel. To harden this steel 
it is heated to about 2900 degree Fahr. and quenched in either oil 
or water. 

Functions of Different Elements.—We can sum up the different 
elements in ordinary alloy steels to have the following functions: 
Carbon for hardness and rigidity; manganese for toughness; silicon 
a sort of adjuster; sulphur and phosphorus as lubricants; chromium 
as a refiner of grain and to add hardness to help carbon; nickel as 
a protecting support of structure and as an aid to stability, and 
vanadium in small doses acts as a scavenger, in high percentage 
it is a great resister of friction. 
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In heat-treating alloy steel there are certain factors to bear in 
mind. These factors may vary slightly as to the duration of heat 
limits, but they are always present, and the following points must 
be considered: 

First: We must know the critical points. 

Second: We must not fall below high critical point when soaking 
steel, 3 

Third: Steel of the same analysis must have the same length of 
time for soaking to give uniform results. 

Fourth: Quenching must be done within certain limits of tem- 
perature, depending on the quality of the work performed, or 
uniform results cannot be obtained. 

Fifth: Tempering heats vary on a 1o-degree Fahr. basis; very 
close heat limits must be established for the quality of work 
desired. 

Sixth: A low limit must be set as to the time necessary for 
soaking at high heat. This heat must not fall below the heat 
wanted while being soaked, for if it does, the timing must begin 
when this temperature is again reached. Too long soaking may 
cause a reaction, giving a dry steel with a great drop in elastic 
strength. 

Seventh: When taken out of the furnace the work should be 
buried in lime and thoroughly’ covered with no chance for air 
pockets. Air-cooled steel will contain hard spots on the surface 
and soft spots in the interior. If no information is at hand as to 
the critical points of steel they can very easily be ascertained by 
pyrometer or magnet methods. 

The Calescent and Recalescent Points.—The calescent point 
can be determined by use of the pyrometer by closely watching 
its needle. The thermocouple, or fire end should be inserted in 
the steel. Drill a hole in the piece to take in the fire end of thermo- 
couple. As the heat advances the needle will follow until it reaches 
a point where it suddenly stops, wavers and then suddenly drops 
several degrees, although the heat is constantly advancing; then 
the needle will again suddenly commence its upward swing. Where 
the needle stops its upward swing and rests is the calescence, or 
low critical, point. 

Now reverse the operation. Heat beyond the critical point 
and shut off the fuel and watch for the same phenomena. The 
needle will fall with heat, suddenly stop, then advance several 
degrees, when it again starts to drop for good. This upper change 
is called the recalescence point. 

You can also test with an ordinary horseshoe magnet. Touch 
the steel with magnet during heating and the temperature at which 
the steel fails to attract the magnet, or in other words loses its 
magnetism, is the point of calescence, or critical, point. 

Even Heating Necessary.—Strains in steel are very often caused 
by having no heat circulation about the work, particularly when 
heating in furnace, by work being placed on the furnace floor. 
Circulation of heat is necessary, and the best method is to lay 
long pieces or strips on raised perforated platforms. 
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The furnace should be “balanced;”’ in other words, the heat 
must be evenly distributed; in fact several firing ends should be in 
the furnace at all times, connected by switch to the same pyrometer. 

The cooling agent should also be kept within very close tempera- 
ture limits. 


Colors of Heated Steel in Diffused Daylight 


The following list of colors is given by the Vanadium Corporation 
of America: 


Colors Degrees Fahr. 
Dark ‘blood. fedior black réd io. eos. tiesmtanes shoes 990 
Dark red, blood red or low. Tedious nue erreeme 1050 
Dark, Chetry feds ch ens a aera ute cee teen II75 
Medium cherry red)... cca). 0, tanec tere ene eee 1250 
Cherry ‘ill red. a as te eee cena ee 1375 
Light cherry, bright cherry, *scaling heat.......... I550 
Salmon, orange, free scaling heat................. 1650 
Light salmon, dight.oramnpe:. oc eect one aes 1725 
MON OW. oe cas ce ent cog ieee eat OEY cs aa eee a 1825 
Light yellows se ys cra ens 6. serena ciecon tensa eee 1975 
White ren tee er Cees niet conser wash Aenea ae 2200 


*Scaling heat: Scales just form but do not fall away when cooling. 
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TEMPERING CoLors FOR VARIOUS TOOLS 


Kind of tool 


MHPY USE ds ovitnnisi: 


Light turning and 


finishing tools..... 
Engraving tools..... 


Temper- 
ature, 
Degrees 
Fahr. 


4390 


: Other 
Guide Action of ees 
file - 
cations 


Water dries 
Oe rete ass sister [aerate Bie eae quickly. 


Very pale yel- | Can hardly |Lard oil 


low be made| smokes 
to catch slightly 


DCAEHOEEOOINS 6 sainccce ony si 
Milling cutters...... 
Lathe and planer 
tools .for heavy 
Se 3 See aa 
ee Ren a 


“COR S Gea 
Mlatidgitlas.. sj): 


Woodworking tools.. 


Plane irons...... 


Sledpedi tiki: 2 
Blacksmiths’ ham- 
Hers His. ees. 


Cold chisels for very 


light work........ 


Stone-cutting chisels 


Carving knives... .. 
Screwdrivers....... 
WIG. Ce Sly Kackel- 36 


400 


Straw-yellow |C an be 
made _ to 
catch with 
difficulty 


500 


Brown-yellow 


Light purple | Scratches 
Dark purple 

Blue, tinged 

ag ity. with 

red. 


SOOM rletsta ls ists a ons. Fo sy 


Blue Files with|Lard oil 
Pale blue difficulty burns or 
Greenish blue flashes 


HEAT TREATMENT OF SPRING STEEL 


The following heat treatment for springs has been recommended 
by the American Society of Steel Treaters. The steels referred to 
are C, carbon; Cr, chromium; CrV, chrome-vanadium; CrMo, 
chrome-molybdenum; CrSiMn, chrome-silicon-manganese; SiMn, 


silicon-manganese. 
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The steel is normalized when considerable machining is required, 
when severe cold working is to be done or when the product has 
been subjected to localized heating at several places for the purpose 
of forging. ‘The normalizing temperatures are given below: 


Heat TREATMENTS FOR LEAF AND Cort SPRINGS 


Approxi- 
Normalizing | Hardening mate 
Tempera- Tempera- Tempering Brinell 
Steel ture, ture, Tempera- Hardness 
Degrees Degrees ture,t Number 
Fahr. Fahr. Degrees 
Fahr. 
Cygtin, Mette F 1575-1625 1525 600-950 352-415 
Crib mete ne set 1600-1650 1525 650-950 363-444 
CEV yn eee 1600-1675 | 1550-1600 | 675-975 363-444 
CrMo...........| 1600-1675 | 1550-1600 |] 675-975 363-444 
CrSiMin. i caiach 1600-1650 |} 1600-1650 | 675-975 363-444 
SiMe pees cee 1600-1650 | 1600-1650] 650-950 303-444 


+ The tempering temperatures are to be used only as a guide in obtaining 
the Brinell hardness numbers given in the table. 


CASE-HARDENING 


CASE-HARDENING, carbonizing or carburizing is largely used so 
that the outer shell can be made hard enough to resist wear, while 
the core of the piece can be left soft enough to withstand the shock 
strains to which it is subjected. 

Case-hardening is, in reality, the quenching of the metal after its 
surface has absorbed carbon so that it hardens on being quenched 
suddenly. Generally speaking, carbon is absorbed from bone, 
leather or similar materials, while the low-carbon steel is properly 
packed and heated. Another method allows the carbon to be 
absorbed from gas instead of from solid materials. 

The result of the carbonizing operation is determined by five: 
factors, which are as follows: first the nature of the steel; second, - 
the nature of the carbonizing material; third, the temperature 
of the carbonizing furnace; fourth, the time the piece is submitted 
to the carbonizing process; fifth, the heat treatment which follows 
carbonizing. 

Tf the steel used has a carbon content up to 56 points, the rate of 
penetration in carburizing is practically constant; but the higher the 
carbon content is, in the core, the more brittle it becomes by pro- 
longed annealing after carburizing. ‘Therefore it is necessary that 
the carbon content should be low in the core, and for this reason a 
preference is given to steels containing from 15 to 20 points of 
carbon for carburizing or case-hardening purposes and the carbon 
brought up to 80 or 85 points. ‘Tool steels may be carbonized up to 
250 points, a point is one-tenth of 1 per cent. 
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Manganese, chromium, tungsten and molybdenum increase the 
rate of penetration. Nickel, silicon, titanium and aluminum retard 
the rate of penetration—s per cent of silicon reducing it to zero. 


The Carbonizing Materials 


The nature of the carbonizing materials has an influence on the 
speed of penetration and it is very essential that the materials be of 
a known chemical composition, as this is the only way to obtain like 
results on the same steel at all times. 

These materials or cements are manufactured in many special 
and patented preparations. The following materials are used and 
compounded in these preparations, but many of them give as good 
results when used alone as when compounded with others in varying 
percentages: powdered bone; wood charcoal; charred sugar; charred 
leather; cyanide of potassium; ferrocyanide of potassium; bichro- 
mate of potassium; animal black, acid cleaned; prussiate of potash; 
anthracite; mixture of barium carbonate; graphite; petroleum gas; 
acetylene; horn, etc. 

Wood charcoal is very largely used in carburizing steels, but the 
value of this material varies with the wood used, the method 
employed in making the charcoal and other factors. Used alone it 
ives the normal rate of penetration for the first hour, but after that 
the rate gradually decreases until at 8 hours it gives the lowest 
rate of penetration of any of the carburizing materials. The best 
wood charcoal is that made from hickory. 

Powdered charcoal and bone give good results as a carburizing 
material and are successfully used in carburizing nickel-chrome steel 
by packing in a pot and keeping at a temperature of about 2000 
degrees Fahr. for four hours, and then cooling slowly before taking 
out the pot or uncovering it. Pots are made of cast iron, nichrome 
or other heat-resisting alloys. 

The General Motors Company specify that carburizing material 
be made from charcoal, coke and carbonate energizers. Hardwood 
charcoal must be used, and it must pass through a 32-inch sieve, 
put not through a g-inch mesh. Coke of Solvay process or equiva- 
ent and of same size as charcoal. 

Two compositions are used: 


G. M. C. 2002 M G. M. C. 2001-M 
Coke Not over 25 per cent Not over 25 per cent 
Sodium carbonate 3-5 per cent 8-12 per cent 
Calcium carbonate 3-5 per cent 
Barium carbonate 5-7 per cent 
Total sulphur Not over 0.5 per cent Not over 0.25 per cent 
Moisture Not over 4. per cent Not over 6 per cent 
Charcoal and binder Balance Balance 


[fnorganic matter, ex- 
clusive of carbonates—Not over 8 per cent. 


Not less than 97 per cent of mixture must pass through a 0.371- 
nch opening and not over 5 per cent through a o.131-inch screen. 
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The shrinkage by volume shall not be over 25 per cent on a 6-hou 
run at 1700 degree Fahr. 


TABLE I 


MATERIALS UsED AND RATE OF PENETRATION IN INCHES 


Temperature] Charcoal 60 


in Degrees | Per Cent Ferrocyanide : 

Fahrenheit | 4p Per Cent. |°6 Per Cent +] Ferroevanide | wood Chan. 

ate eee AE Rieienecie coal Alone 
1300 
1475 02020 0.033 0.020 ©.020 
1650 0.088 0.069 0.079 0.048 
1825 0.128 0.128 0.128 0.098 
2000 0.177 0.177 0.198 0.138 


COLORS IN CASE-HARDENING 


Wrenches and other work of low-carbon steel may be case 
hardened and at the same time given an attractive coloring o: 
“mottling” by exercising a little care in the process. The worl 
must be perfectly clean and free from grease, and should be nicelh 
polished. Unless this is done, bright colors cannot be secured 

To secure good colors, the bone must be thoroughly charred 
This can be done by covering it tightly in iron boxes and placins 
in the furnace at night or when the heat is going down. Iftoo ho 
it will burn instead of charring. 

The work should be even more carefully packed than for case 
hardening without color, leaving more space between the worl 
itself and between the work and the box. The degree of heat anc 
the length of time must, of course, depend on the size of the worl 
but, generally speaking, a cherry red is correct. The main thing 
however, is to maintain an even heat. If the heat is too great, it i 
impossible to receive a good color, or any color. 

The work must be dumped without exposing them to the air 
It is customary to suspend a sieve beneath the surface of the wate: 
in the tank to catch the pieces as they are dumped. The wate 
should be soft for best results, and should be kept in motion 
There should be sufficient volume, or the water should change ofter 
enough to cool the work quickly. A stream of air blowing throug] 
the water also helps to agitate it and to secure good coloring 
Small lots, of course, do not require as large an amount of water 

The dumping of the work must be carefully done.. The bo: 
should be held close to water and dumped quickly.. Should thy 
air strike the work before it is quenched, it is almost sure to turt 
black or blue-black and be streaky. 

After cooling, the work is taken out, separated from the bone anc 
boiled in clean water. It is then dried in sawdust and oiled slightly 
which brings out the colors and prevents tarnish. 
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Further coloring may be done by tumbling the work in a barrel 
until the work is thoroughly polished. It is then placed over a gas 
flame or other source of heat and drawn to the desired color, much 
as we draw the temper on hardened steel. The articles are then 
plunged in cold water, dried in sawdust and oiled. Combustion of 
the fire used must be good, as any gas given off affects the color. 

Use of Bone and Charcoal.—Case-hardening with granulated 
raw bone is a common practice in many large manufacturing plants. 
Bone which is hard and flinty, such as that which comes from the 
shin bones of animals, is considered better than soft, pithy and greasy 
bone, as there is no waste. Good bone can be used over and over 
igain by adding fresh stock to it in about the proportion of 1: 2 or 3. 
[n other words, use two or three parts of old bone to one part of new, 
raw bone. 

Raw bone is usually white and burns black when first used. As 
t loses its carbon it becomes lighter and when it burns white it is 
of no further value for case-hardening. Some raw bone, on the 
other hand, is quite dark, and only experience with the various 
materials will make a person familiar with the best mixtures to 
use for different purposes. 

Some case-hardeners secure good results and economize oh the 
ise of bone by mixing one part of raw bone with three parts of 
pulverized charcoal. The mixing should be thorough and a little 
charcoal dust sprinkled over the top. 

Where the tendency of case-hardened work to scale is objection- 
ible, a thin layer of charred leather next to the work will help to 
check the scaling. 

Case Hardening Large Flat Work.—The larger the piece the more 
sone should be used in packing it for case-hardening. With a disk 
upproximately 4 inches thick and 24 inches in diameter, the lower 
ayer of bone should be from 4 to 5 inches thick, and the same 
listance allowed all around the disk. The side to be hardened 
should be placed down and the top covered to about the same depth 
is the bottom, and the cover luted in place. 

A piece of this size will probably require 8 or 10 hours’ soaking 
ut a bright cherry red; it should not be heated above this tempera- 
‘ure on account of the increased tendency to warp. This tendency 
-an also be overcome by dipping edgewise into a large body of cold, 
‘unning water so as to remove the heat quickly. Salt water is also 
udvised in dipping heavy work, as it conducts the heat away more 
-apidly than fresh water. 

Sometimes a mixture of half charcoal and half used bone is used 
with low-carbon steel. This will not recarbonize much more than 
; per cent, or about enough to maintain the original amount of 
sarbon in the steéél. 

Small or thin iron castings can be annealed by packing in a cast- 
ron pot or box with a mixture of bright cast-iron turnings or 
ilings and pulverized charcoal. Use about half charcoal and half 
‘urnings or filings. Puta layer of the mixture between the castings 
0 prevent warping and to allow them to heat more evenly. 

Heat to a cherry red and hold this heat for from 2 to 3 hours. 
The castings must be left in the pots to cool off, 
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Sizes of Granulated Bone.—The Rogers & Hubbard Co. give the 
following list of sizes of granulated raw bone: 

No. 1. Will not pass through smaller than }-inch square mesh 
in screen. Best for heavy work. 

No. 2. Mesh 3-inch square. 

No. 3. Mesh §-inch square. 

Nos. 2 and 3 are best for bicycle, fire arms, sewing machine and 
general machine work. 

No. 4. Mesh }¢ inch square. Good for small work, such as 
small screws, etc. 

No. 5. Smaller than inch. Used only for the very finest work. 


CASE-HARDENING CAST IRON 


A bath recommended for hardening cast iron for various reasons, 
such as gaging or locating points, is made up of 16 ounces of sul- 
phuric acid, 1 ounce of nitric acid and r} gallons of water. The 
piece is heated to a bright red and quenched in the mixture. 


Selecting the Proper Temperature for Quenching 


A hardening process that will produce a steel that is as homo- 
geneous as possible is always sought for in practice. _ This is easily 
obtained in a high-carbon steel, and especially if it contains 85 
points carbon, by passing the recalescent point before quenching. 
The desired homogeneity is not so easily obtained, however, in the 
low-carbon steels, as they have several points of transformation. If 
these are quenched at a point a little above the lowest point of trans- 
formation the carbon will pass into solution, but the solution is not 
homogeneous. ‘To obtain this result it is necessary that the quench- 
ing be done from a little above the highest point of transformation. 
This is higher in the low- than in the high-carbon steels. In practice, 
this calls for a quenching of the low-carbon steels as about 1650 
degrees Fahr., while a high-carbon steel should be quenched at 
about 1450 degrees. 

Testing Pyrometers 


Pyrometers can be tested by placing some common salt in an 
iron box and heating until it melts. Put the pyrometer in the molten 
salt and, if correct, it will register 1441 degrees Fahr. 

A very convenient table of Fahrenheit and Centigrade ther- 
mometer scales is given on pages 703 and 704. 


AUTOMOTIVE STEELS 


The engineers of the automobile industry have developed a 
number of steels and heat treatments that are equally useful in 
many other lines of work. These steels are designated by numbers 
with “S.A. E.” before them, meaning the steels have been approved 
and recommended by the Society of Automotive Engineers. The 
most commonly used steels are given herewith. The uses and heat 
treatments follow. The letters G. M. C. (General Motors Company) 
as applied to steel are practically the same as S. A. E. 
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CHARACTERISTICS, USES AND HEAT TREATMENTS 


G. M. C. 1010.—Yield point annealed 25,000 to 32,500 pounds; 
cold rolled or drawh, 40,000 to 60,000 pounds per square inch. 
This is a very soft open-hearth steel and in the annealed condition 
will stand much deformation without cracking. In the natural 
condition it has very lowstrength. Its yield point is raised consider- 
ably by cold working. It machines very poorly in the soft condition. 
The properties are but little affected by heat treatment. 

Uses.—This steel is most suitable for seamless tubing, rivets, and 
pressed steel parts which will be subjected to the most difficult of 
cold-forming operations. It is also used for some carburized parts 
where extreme ductility of core is highly essential. | 

Caution.—Annealing of cold-worked parts will materially lower 
the yield point. Annealing of cold-drawn work between operations 
must be carefully done to avoid coarsening the grain in the higher 
carbons. 

Typical Heat Treatment-—When used for carburizing: 

Carburize 1650 to 1700 degrees Fahr. 

Cool in pots or quench in oil or water. 

Reheat to 1675 to 1700 degrees Fahr. 

Quench in oil. 

Reheat to 1400 to 1425 degrees Fahr. 

Quench in water. 

Where a hard surface only is desired and the ductility of the core 
is unimportant, the first reheat to 1700 degrees can be omitted. 

No. 1020.—Yield point annealed 30,000 to 40,000 pounds; cold 
rolled or drawn, 40,000 to 75,000 pounds; heat treated, 40,000 to 
75,000 pounds per square inch. This steel forges well but does not 
machine well in the natural or annealed state. The machineability, 
can be improved by cold working or by quenching from above 1520 
degrees Fahr. 

Uses—This steel is recommended for carburized parts, such as 
piston pins, cam shafts, rocker arms, valve lifters, shifter rods,, 
rollers, etc. It can be used for unimportant forgings where little 
strength is necessary and on which little machining is required. 

Typical Heat Treatment.— 

Carburize 1650 to 1700 degrees Fahr. 

Cool in pots or quench in oil or water. 

Reheat to 1550 to 1575 degrees Fahr. 

Quench in oil. 

Reheat to 1400 to 1425 degrees Fahr. 

Quench in water. 

Where a hard surface only is desired and the ductility of the core 
is unimportant, the reheat to 1575 degrees can be omitted. 

No. 1025.—Yield point 35,000 to 45,000 pounds; cold rolled or| 
drawn, 45,000 to 75,000 pounds; heat treated, 40,000 to 75,000) 
pounds per squareinch. ‘This steel isa fairly free machining grade, 
especially if cold worked. It usually is not carburized because of 
the resultant brittle core. + 

Uses——Especially recommended in the hot or cold rolled sheet 
form for pressed parts, such as frames, rear-axle housings, etc. It 
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:an also be used for forgings which are not highly stressed and on 
vhich there is not too much machining. 

_ Caution —Forgings to be carburized should be made of rors or 
-o20 steel. Forgings made from No. 1025 steel may be heat treated, 
put should not be carburized. The gain in strength from heat 
reatment is slight, although the toughness can be materially 
ncreased, Forgings for structural parts should be made from the 
righer-carbon or alloy steels. 

Typical Heat Treatment—Heat to 1575 to 1600 degrees Fahr, 

Quench in water. 

Draw as required. 

No. 1035.— Yield point 40,000 to 50,000 pounds; cold rolled, 50,000 
20 80,000 pounds; heat treated, 45,000 to 85,000 pounds per square 
nmch. This steel forges well and machines freely after cold work- 
‘ng or a quenching treatment with a good draw. It can be treated 
to show a combination of fairly high strength with a great deal of 
toughness. If there is little machining to be done, unimportant 
forgings may be made from this stock withno treatment. Forgings 
which have heavy duty to perform must be given heat treatment. 

Uses —This steel is suitable for structural purposes. It should 
be used for ordinary forged parts generally, except where a high 
degree of strength is required. It is especially recommended for 
parts which have moderate to heavy duty to perform, where there is 
considerable shock or where alternating stresses are encountered, as 
in front I-beams, steering knuckles, third arms, connecting rods, un- 
hardened shifting forks, etc. This steel should never be carburized. 

Typical Heat Treatment—Heat to 1550 to 1575 degrees Fahr. 

Quench in oil or water. 

_ Draw as required. 
| No. 1045.—Yield point 45,000 to 50,000 pounds; cold rolled or 
drawn, 50,000 to 90,000 pounds; heat treated, 50,000 to 120,000 
pounds per square inch. ‘This steel is a structural steel of greater 
trength than No. 1035. When treated properly it shows con- 
siderable toughness in combination with a high degree of strength, 
while at the same time its fatigue-resisting (endurance) qualities 
are higher than that of the lower carbon steels. After annealing, 
se working or quenching with a good draw, this steel machines 
reely. All parts made from this steel, with the exception of cold- 
drawn shafting, are meant to be heat treated. 
 Uses:—The uses of this steel are more limited than No. 1035 and 
are confined to such parts as require a high degree of strength with 
considerable toughness. Especially recommended for parts 
generally of medium to large sections, which have severe duty, or 
which do not receive excessive shock, as in crank shafts, propeller 
shafts and rear-axle shafts. 
| Typical Heat Treatment.—Heat to 1500 to 1550 degrees Fahr. 
Quench in water or oil. 
| 


Draw as required. 
_ No. 1095.—This material is used as a spring steel. It readily 
assumes a high hardness, being very high-carbon steel. 
| Uses.—Generally used for springs, especially recommended for 
medium to large automobile leaf springs. 
| 
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Typical Heat Treatment-—Heat to 1400 to 1500 degrees Fahr. 


Quench in oil. 
Draw as required. 


No. 1r12.—In the cold-drawn condition this steel machines freely — 


and is liable to be brittle. 
Uses.—This steel is suitable for low-stressed screw machine parts, 
as in ordinary studs, bolts, etc., because of its rapid machining 


properties. Never use this material where there is any severe duty | 


involved. 

Caution—Parts made from this steel should not receive any heat 
treatment except in very special cases. Screw machine parts to be 
carburized should be made of steel No. 1120, cold drawn, or in 
some instances Na. 1020 may be used. i 

No. 1120.—This steel will be made by open-hearth process and 
will be known as open-hearth screw stock. Its composition and 
texture are of such a nature as to permit the rapid removal of metal 
and smoothness of finish. The steel will be somewhat tougher and 
more difficult to machine than No. 1112. 

Uses.—It is to be used for carburized parts where good machine- 
ability is desirable and where extreme ductility of core is not 
essential. 

Typical Heat Treatment —Similar to steel No. 1020. 

No. 2115.— Yield point annealed, 30,000 to 37,500 pounds; heat 
treated, 37,500 to 65,000 pounds per square inch. This steel, 
after carburizing, can be treated in oil so as to have a hard wearing 
surface with a tough core. 

Uses.—This steel is especially recommended for ring gears. 

Typical Heat Treatment —Carburize 1650 to 1675 degrees Fahr. 

Cool in pots. 

Reheat to 1600 to 1650 degrees Fahr. 

Quench in oil. 

Reheat to 1350 to 1400 degrees Fahr. 

Quench in oil. 

No. 2315.—Yield point, annealed, 35,000 to 45,000 pounds; heat 
treated, 40,000 to 80,000 pounds per square inch. ‘This steel is 
recommended for carburizing purposes, and when properly treated 
will produce a part with an exceedingly tough and strong core, 
coupled with the desired hard surface. The case-hardening sequence 
may be varied considerably, those parts of relatively small impor- 
tance requiring a simpler form of treatment. As a rule, however, 
those parts which require the use of nickel steel require the most 
scientific type of heat treating. 

Uses.—This steel is especially recommended for Rear Drive Pin- 
ion Gears. For practically all other carburized alloy parts, 3115, 
which is considerably cheaper, can be used. 

Caution.—Parts of intricate shape with sudden changes of thick- 


ness, sharp corners and the like, particularly sliding gears, should | 
always be drawn after hardening, in order to relieve the internal | 


strains, 
Typical Heat Treatment—Carburize 1625 to 1675 degrees Fahr. 
Cool in pots or quench in oil. 
Reheat to 1550 to 1575 degrees Fahr. 
Quench in oil. 
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Reheat to 1300 to 1350 degrees Fahr. 

Quench in oil or water. 

No. 2520.—Vield point, annealed, 40,000 to 50,000 pounds; heat 
treated, 60,000 to 100,000 pounds per square inch. This steel is 
used for carburized parts where the service required is extremely 
severe and where it is necessary to have a core of the utmost 
ductility. The parts should be very carefully heat treated to take 
advantage of the possibilities in this steel. This steel should 
‘not be specified except where No. 2315 has proved unsatisfactory. 
_ Uses —This steel is being used for pinion gears, steering worm 
sectors, etc., where extremely high duty is required. 

| Typical Heat Treatment.—Carburize at 1625 to 1675 degrees Fahr. 
Cool in pots or quench in oil. 

Reheat to 1550 to 1575 degrees Fahr. 

Quench in oil. 

Reheat to 1300 to 1350 degrees Fahr, 

Quench in oil. 

Draw to 350 degrees Fahr, 

| No. 3115.—Yield point, annealed, 35,000 to 50,000 pounds; heat 
treated; 40,000 to 80,000 pounds per square inch. This steel is 
recommended for carburizing purposes and when properly heat 
treated will produce a part with a core having a high yield point 
and considerable ductility coupled with a very hard surface. It is 
cheaper than steel No. 231s. 

Uses.—This steel is especially recommended for use on all car- 
burized parts requiring an alloy steel, except rear-axle pinions. 
_ Caution.—Parts of intricate shape with sudden changes of thick- 
ness, sharp corners and the like, particularly sliding gears, should 
always be drawn after hardening, in order to relieve the internal 
strains. 

Typical Heat Treatment —Carburize at 162 5 to 1675 degrees Fahr. 

Cool in pots or quench in oil, 

Reheat to 1550 to 1575 degrees Fahr, 
Quench in oil. 

- Reheat to 1375 to r400 degrees Fahr. 
~ Quench in water or oil. 

No. 3135.—Yield point, annealed, 45,000 to 60,000 pounds; 
reat treated, 55,000 to 150,000 pounds per square inch. This 
teel is especially recommended where great strength and freedom 
tom. brittleness are desired. Oil or water quench followed by 
uitable drawing at desired temperatures gives the required 
sroperties. 

Uses.—Especially suitable for parts which have severe duty to 
verform, in which there is not too great shock encountered, such as 
n propeller shafts, rear-axle shafts, transmission counter shafts, etc. 
\lso suited for the more important bolts, such as connecting-rod 
olts, crank-case bolts, studs and keys. 

Typical Heat Treatment.—Heat to 1475 to 1500 degrees Fahr. 

Quench in oil or water, 

Draw as required. 

No. 3145.—Yield point, annealed, 50,000 to 6 5,000 pounds; 
eat treated, 115,000 to 240,000 pounds per square inch. This 
teel is recommended for parts that require a very high elastic limit 
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in combination with good ductility. It is considerably stronger 
than steel No. 3135. 

Uses.—Especially suitable for gears and very high-duty trans- 
mission shafts. A 

Typical Heat Treatment.—Heat to 1440 to 1460 degrees Fahr. 

Cool slowly. 

Brinell between 4.20- and 4.80-millimeter diameter. 

Machine. 

Heat to 1440 to 1460 degrees Fahr. 

Quench in oil. 

Draw as required. 

No. 3250.— Yield point, annealed, 55,000 to 70,000 pounds; heat 
treated, 150,000 to 265,000 pounds per square inch. ‘This steel is 
difficult to forge. It must be soaked thoroughly at not too high a 
temperature. If forged at too low a temperature it is liable to 
crack. In any heating operations, the heat must be applied slowly, 
or cracks are liable to develop. This steel does not machine readily 
unless great care is taken in annealing. This steel is a higher-grade 
steel than G. M. C. No. 3145 and is considerably more expensive. 

Uses:-—Useful for purposes where unusual strength is required. 
Especially suited for transmission gears and high-duty shafting. 

Typical Heat Treatment.—Heat to 1475 to 1500 degrees Fahr. 
and hold 2 hours. 

After steel is heated, then cool slowly. 

Heat to 1425 to 1450 degrees Fahr. 

Quench in oil. 

Draw as required. 

No. 4155.—Yield point, annealed, 50,000 to 60,000 pounds; cold- 
rolled or drawn, 55,000 to 95,000 pounds; heat treated, 125,000 to 
175,000 pounds per square inch. This steel has great fatigue- 
resisting properties which make it useful for springs. 

Uses-—This steel is almost universally used for coil springs, such 
as valve springs, clutch springs, brake springs, motor support 
springs, etc. 

Typical Heat Treatment—Heat to 1450 degrees Fahrenheit. 

Quench in oil. 

Draw 700 to goo degrees Fahrenheit. 

No. 5150.—Yield point, annealed, 60,000 to 80,000 pounds; heat 
treated, 150,000 to 275,000 pounds per square inch. This is an 
electric furnace steel having, after proper heat treatment, a very 
high elastic limit in combination with fair ductility. It can be 
treated to show great hardness and wearing qualities. 

Uses.—Especially suited for transmission gears and other parts 
where hardness and high elastic limit are required. 

Typical Heat Treatment—Heat to 1575 to 1600 degrees 
Fahrenheit. 

Hold 2 hours after steel is soaked through at this temperature. 

Cool slowly with furnace. A 

Brinell between 4.00- and 4.40-millimeter diameter.. 

Machine. 

Heat to 1450 to 1475 degrees Fahrenheit. 

Quench in oil. 

Draw as required. 
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GRADING BY SPARK 705 


To convert Fahrenheit into Centigrade: Subtract 32 from Fahren- 
_heit, divide remainder by 9 and multiply by 5. 
Example: 212 Fahr. 
32 


Se5 180 +9 = 20. 20 X 5 = I00. 


Ans. 212 Fahr. = 100 Cent: 


Centigrade to Fahrenheit: Divide by 5, multiply by 9 and add 32. 
Example: 260 Cent. + 5 = 52. 52 X 9 = 468 + 32 = 500 Fahr. 
Ans. 260 Cent. = 500 Fahr. 


THE SPARK METHOD OF DETER MINING GRADES OF IRON 
AND STEEL 


The method of determining the kind of ferrous material illustrated 
herewith was devised by John F. Keller, instructor of forging at 
Purdue University, Lafayette, Ind., and has proved very successful 
as a practical shop test. The illustrations and notes make further 
explanations unnecessary. The material should touch the wheel 
lightly and the spark be carefully, watched. | 


Wrought Mild Tool — High-Carbon High-Speed Manganese Mushett Magnet 
Tron Steel Steel Steel Steel Iron orSteel Steel Stee] 
| 2 - 5 


LightStraw LightStraw White White Chrome-Yellow White DarkRed Orange 
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TEST OF HARDNESS 


The hardness of metals, particularly of steels which are heat 
treated, is now tested with either the Shore scleroscope, or by the 
Brinell or Rockwell method, as described on page 708. 


THE BRINELL TEST 


The Brinell method of testing consists of forcing a hardened steel 
ball of given dimension into the metal to be tested under a given 
pressure. The diameter of the impression made is read with a 
graduated microscope and the hardness found by consulting the table 
herewith. In this the ball is 10 millimetersindiameter. If, with 
a pressure of 3,000 kilograms, as indicated by the testing machine, 
the diameter of the depression is 3 millimeters, the hardness number 
is 418. Dividing this by 6 gives practically 70, as shown under the 
second column. According to this table, a pressure of only 500 
kilograms will give a direct reading which is about the same as that 
of the scleroscope. The standard pressure, however, is 3,000 
kilograms. 
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THE ROCKWELL TEST 


The Rockwell test is a modification of the Brinell. It consists 
of pressing a hardened steel ball or a diamond cone of 120-degrees 
angle into the article to be tested and measuring the depth of impres- 
sion with a dial micrometer The size of impression is much smaller 
than in the Brinell test, as the steel ball is only 7 inch in diameter 
and the maximum major load is only 150 kilograms (330 pounds) 
when using the diamond cone and 100 kilograms (220 pounds) when 
using the steel ball. Arrangement is also made to apply a smaller 
load of 60 kilograms (132 pounds), if desired, for soft metals. The 
method of applying the Rockwell test is different from the Brinell 
in that the total depth of depression from the surface is not meas- 
ured. In making the Rockwell test the minor load of 60 kilograms, 
(132 pounds), regulated by a spring, is first applied to the ball 
or cone; the micrometer dial is then set at zero, or at a fixed point, 
and then the major load is applied. Upon releasing the major load 
the depth of impression caused by the major load only is indicated 
on the micrometer dial. By using a special reading glass, the 
diameter of depression of a steel ball can be read the same as in the 
Brinell test. The Rockwell test does not require a standard speci- 
men, it does not spoil the finish of the article tested, except on 
very high-polished work, and it can be used on much thinner 
sections than the Brinell (o.oro inch for iron and o.or5 inch for 
brass); it cannot, however, be used for testing thin sections that are 
brittle or cannot stand a permanent deformation. 


SCLEROSCOPE READING 


In the Shore Scleroscope, a miniature drop hammer tup falls from 
a fixed height to the surface of the metal being tested. The height 
of the rebound indicates the hardness on an arbitrary scale which 
has 115 divisions, these meeting all usual requirements. This 
method can be applied to any material which will take a permanent 
set under impact. For, no matter how hard the material, the 
falling weight, weighing about 40 grains, makes a dent which can be 
seen with a glass. 


SCLEROSCOPE HARDNESS 700 


The following table shows the readings which will be obtained on 
the Scleroscope for the materials indicated, this giving the com- 
parative hardness of the materials. 


SCLEROSCOPE HARDNESS SCALE 


Metal , Annealed Hammered 
AOU OL =e CHS 0 ro, sai ee Pa aca 2- 5 3-7 
Bye Ube 2 CN i ee a ae 4-9 ; 
SMOG eae Aare... slide Seite. 5 84 
SLU NSTI. A rec tiesbs) Occ eee eee 63 20- 30 
n= OTR ee ae ee 7-35 
Sete pews CASE. = 4. a ed 8 12 
DEAS oe OMANI |. t= 4 snnie)aVb de deg et 10-15 20- 45 
BISHIWU TE IGASET. a. He des scene id Bh « a 9 
PRA BITMAP PE7.S2)5)- Saye sae) Said oS Seis 10 17 
5) 5) oe) sao A a 6 I4- 20 
BAN CPS hee is) Sele wee pegs esate 8 20 
Gre DETER. Ve sth ss. fh oes ofeie lc 18 25- 30 
Mild*steel, 0.15 carbon’..¥.....0.... 22 30- 45 
Nickel Anode: — cast... 0... 0... ye 31 55 
Pomipiay —acast-ai.... 4%... oa 1. 30-45 
ron, gray — ‘chilled ....0.... 0)... 50- 90 
“1152 ia Y0%o) bh A/ASAC oa 00) 0 RP 30-35 40- 50 
steel, tool, 1.65% carbon........... 35-40 
Papamiunmisrecls sth). aN c 35-45 
Shrome — Nickel ................. 47 
chrome — Nickel, hardened ........ 60- 95 
steel, high speed, hardened ..... ee 70-105 
steel, carbon, tool, hardened ........ QO-II0 


Norre.—These figures vary with the composition and density 
vf the metals. They are about 3 those of the Brinell test for equal 
lardness, varying somewhat with the kind of metal. 
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HARDNESS STRENGTH OF STHEL 


The following table (prepared by Sir Robert Hadfield of the Research 
Laboratory, Hadfields, Ltd., Sheffield, Eng.) represents the average of a large 
number of tests on all types of steel, and is intended as an approximate 
guide. Individual results vary considerably from the average. It also gives 
a comparison of Brinell ball and scleroscope hardness numbers with their 
relation to the compression strength, also yield point and tenacity of steel. 


—— 


3 Compression on Speci- 
& Tensile Strength mens .564’’ Diam. and 
< ¥ -70’’ in Height 
a1" |g BAe 
4 : Elastic Limit ada 
a € . ie) 
3 8 ss] Yield Point Merinse and 25% & am 
g a 3 Compression | Oo & 
EB iee q “on 
a 3 xs 8 on 5 
2) OM 
eles |asis.i/8. 18.18 y. | eo dee 
° xa 2 aa | at ad | so aa | ao 2. aa 
& 2 8 9 q _ ie at Bee yaaa Be Quer § 
e| 8 | £2 | Bo |Ses| gs |Sso| Fs | ess] sose 
es al el A? TM Samm mdi Weg ai) | pao 
I50 20 31 36 57 hie 27 49.0 
F 175 26 41 41 65 19 30 40.0 
34 200 32 50 46 72 21 32 35.0 
38 225 38 60 51 80 23 36 31.0 
42 250 44 69 56 88 26 4I 27.9 
E 46 275 50 79 61 96 30 47 23.0 
50 300 56 88 66 104 34 54 19.0 
54 325 61 96 71 112 38 60 15.2 
57 350 67 105 76 120 43 68 tI,..3 
D 61 375 713 II5 81 128 49 Uhh 8.0 
64 | 400 79 | 124 86 135 55 87 5.6 
68 425 84 132 91 143 6r 96 3.8 
71 450 90 142 96 I5I 67 105 2.4 
Cc 75 475 96 I5r IOL 159 74 116 Hg 
78 500 102 I6L 106 167 81 127 0.6 
80 525 107 169 IIr 175 87 137 0.23 
84 550 113 178 116 183 94 I 0.21 
B 86 575 121 I90 101 159 0.20 
890 600 126 198 108 170 0.18 
92 625* IIs 181 0.16 
95 650 Not 131 206 122 192 0.14 
A 99 675 determined] 136 214 129 203 0.13 
IOI 700: |\) 141 222 136 214 0.12 


* Glass scratching hardness commences here. 
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The printed capital letters in the zone column refer to special sections of 
zones of hardness as follows: 


Brinell Ball Scleroscope Yield Point Maximum Stress 
Hardness Hardness Tons per Tons per 
Number Number Square Inch Square Inch 
Zone 
From To From To From | To From | To 
F I50 200 34 34 20 32 36 46 
E 200 300 50 50 32 56 46 66 
D 300 400 64 64 56 79 66 86 
Cc 400 500 78 78 79 102 86 106 
B 500 600 89 89 102 Sve 106 126 
A 600 700 ae IOI ee aie 126 


COPPER ALLOYS 


Strictly, a brass is a copper-zinc alloy containing one-third zinc 
and two-thirds copper; whereas a bronze is a copper-tin alloy con- 
taining approximately ro per cent. tin and go per cent. copper. 
The old-style gun metal contained from 90 to 92 per cent. copper 
and from 8 to ro per cent. tin. Lead is frequently added to both 
these classes of alloy to make thein machine more easily, and both 
tin and zinc are commonly used in the same alloy, so that today we 
have a series of copper-tin-zinc alloys of almost infinite variety. In 
all cases in the useful alloys of this class, however, there is present 
more than 50 per cent. copper. 

In most of the modern alloys tin is depended upon to give strength 
and zinc to cheapen the mixture. Some of the old-style gun metals 
contained as much as 16 per cent. tin and 84 per cent. copper, but 
such metals were brittle and hard. The common yellow brass 
employed by plumbers in making ordinary valves and fittings may 
be considered as composed of approximately 16 pounds copper, 8 
pounds zinc, and $ pound lead. It will be noticed that this consists 
of approximately one-third zinc and two-thirds copper, with a little 
lead added to improve the machining qualities. For the making of 
high-grade casting ingots or new metal should be used in all cases. 
In making a brass the copper should be melted first and the zinc 
added, care being taken not to let the temperature rise too high, for 
if it does the zinc will ignite and burn. The lead is added last and 
the metal thoroughly stirred. 


COMPOSITION OF BRONZES (Navy DEPARTMENT) 


White Metal: PARTS 
2 tle Sarwar ame BP sieh) TRESS CO Wout Late monet eigen, 1 Le Cea, 7.6 
MON pER eat POE LEe ass EM. Oe nena 23 
ASL clase cha UR as REY rice Garin SA |, 83.3 
BASPATOEIV me mite Akt Eee US ae nT tes ae Oe 3.8 
ESS let Lae eae ear nar Reap eerie ieee ieee 1 3.0 

Hard Bronze for Piston Rings: 

MUMBO a afd PSO a io tees aie tase eS schts beg cht abe 22.0 
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Bearings— Wearing Surfaces, etc.: 


019) 9) £52 SERIE Se ict Bis sy CSc ec ROMERNRRETET IN Ac 6 

TIM. esis spe na dupes 8 «Gteoke ff2k oe. Stee ae I 

ZACH SANG) EID LN Loi ORO ee i 
Naval Brass 

Coppers i hicur cin shut oscaactp cis bcakacu ENERO: ty choy aE ee 62.0 

by Wee tye ee ge 8 ro eine OE CRETE I.0 

YA\ cepa Mm Se a Pee RE cee eet Men coi vs 7c 
Brazing Metal 

Copper: Fick. cb SRcaale RR cd. Ne Neal, Oi 85.0 

LAIC SA, IRS «oes ie fax's, yess hs oe RA Oe I5.0 
Antifriction Metal: 

Copper (best refined)® 1.0". 0.8 Eee? ee ahi 

Banca iin? sa tisiiet ot suck oeLee 1.804 een 2a 88.8 

Regulus of antimony Si 322-: =o toe ee ee 7.8 


Well fluxed with borax and rosin in mixing. 
Bearing Mg ea RERMY, eae Railroad) : 


COP Pela. eS crs ashame niaeers (eh alee acs tar 77.0 
PID ie ch acer eRe erpace tear dua hee hd a Tepe en 8.0 
| OKs hee Mee aa Re aN ere MER MS RI I5.0 


WAVY DEPARTMENT SPECIFICATIONS FOR JOURNAL 
BRONZE (COMPOSITION H) 


The chemical properties shall be as follows: 


Iron Lead 
Copper Tin, Zinc, (Maxi- (Maxi- NERA 
Cent Per Cent Per Cent mum), mum), 
if Per Cent | Per Cent 
82-84 | 12.5-14.5 | 2.5-4.5 | ©.10 | 1.0 83-133734 


Babbitt metal is named after its inventor, or first user, and the | 
original proportions are supposed to be as follows: 


Tin | Copper | Antimony 
89.3 3.6 Wek 
83.3 8.3 8.4 
89.1 3-7 7-2 


It is, when carefully prepared, one of the best metals in use for 
lining boxes that are subjected to a heavy weight and wear. 
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TEMPERS OF SHEET BRASS 


Brass finished by annealing is designated as follows: 

Light anneal or blued. 

Drawing anneal or blued soft. 

Soft drawing anneal or soft. 
The first-named terms have been adopted by the S. A. E. and the 
A. S. T. M. and are to be preferred. © 
Brass finished by rolling is designated according to the amount 
the thickness of the sheet is reduced from the original thickness. 
When the thickness is reduced one number by the B. & S. gage the 
sheet is known as “} Hard.” The sheet tempers follow. 


| Reduction in B. Designation 
& S. Gage Numbers of Temper 
Pee: ost rte Me duane es oe + hard 
DRED a Nts tek eT ork Gy comtiteaentgebemiairsty 4 hard 
Beer... eetyels ethers sick Seren «oe ? hard 
2 6 Dee NOME, SOULE See ean at GEL eR Hard 
CIs Alor. clipe i eds ean ce, coche Extra hard 
eg Deg Tete eee ee re Spring 
HOMAL MME Luu Cm. teal) Ran fy Extra Spring 


Brass rods are usually drawn to what is called drill temper. 
It is produced by reducing the diameter from 5 to ro per cent. 
Rods are also drawn “hard”’ by reducing the diameter from 12 to 
20 per cent. 

_ Tolerances allowed by the Chase Metal Works are sHerTs— 
9.00025 to 0.006 in. for B. & S. gages No. 38 to No. ooo0 respectively. 
WIRE AND RODS—o.00025 in. for 0.025 in. rods to 0.010 in. for 3.5 
in rods. TuBES—o.oor in. for 1 in. tubes of No. 26 gage to 0.031 
in. for tubes 10 in. or over, of No. 0000 Stubbs gage. 


TOLERANCES ON BRASS AND COPPER 


Tolerances on sheet brass and copper depend on the width of 
the sheet as well as the thickness. On thicknesses from 0.460 to 
.324 inch (Nos. 0000 to o) the tolerance is 0.005 inch on sheets up 
to 8 inches in width; 0.0055 inch on 8 to 11 inches in width; and 
>.006 on width of 11 to 14 inches. The tolerances decrease to 
9.00025, 0.0005 and 0.00075 inch respectively on sheets 0.0056 to 
9.0040 inch thick (Nos. 35 to 38). These are B. & S. gage. 

Wall thickness of seamless tubing is measured by Stubs gage. 
olerances vary both with wall thickness and tube diameter. On 
tubes under 2 inches diameter with walls 0.454 inch thick the 
tolerance is 0.019 inch. ‘Tubes over roinches, with the same wall, 
($ 0.031 inch. Tubes with a wall thickness of 0.083 inch have toler- 
ances of 0.0045 inch for 2 inches and of 0.016 inch for 10 inches in 
diameter. Intermediate sizes and thicknesses vary in proportion. 
These tolerances are plus or minus (Chase Metal Works). 
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Common UsES AND TEMPERS OF WROUGHT-COPPER ALLOYS 
Straight Brasses 


Approxi- 
ee 
Common om- : Usual 
Mill Name position Form Typical Uses Temper 
Cu | Zn 
Copperiyicth.. Ladred 100 Sheet Radiator cores Soft 
Electrical + hard and 
soft 
Wire Electrical purposes } Soft 
Tube Heater coils Soft 
Gasoline supply Soft 
Marine work Blued or 
half hard 
Gildingo As: 7 isd 95| 5 | Sheet Screw shells Blued 
Inexpensive jewelry] Blued 
Commercial bronze.| 90] 10 | Sheet Radiator cores Soft 
Screw shells Blued 
Kick plates i hard 
Wire Screws Screw 
Rivets Rivet 
Rich low brass.....} 85] 15 | Sheet Hardware Blued 
Low brass......-.. 80} 20 | Sheet Ornamental work Blued 
Clock dials 4 hard 
Cartridge brass.....] 70] 30 | Sheet Cartridges Blued soft 
Musical instru-| Blued soft 
ments 
Brazed tubes Soft 
Spinning Soft 
Springs Spring 
Tube 
(usually 
brazed) Bedsteads Half hard 
Plumbers’ bends Blued soft 
High brass cacoe wlan: 67) 33 | Sheet Deep drawing Blued or 
blued soft 
Spinning Soft 
Eyelet Blued soft 
Radiator cores ue 
Tube Pump liners Half hard 
Miscellaneous Blued or 
half hard 
Common high brass] 65] 35 | Sheet Drawing’ Blued and 
blued soft 
Blanking 4 hard 
Same ar 
pring pring 
Wire Screws Screw 
Rivets Rivet 
Safety pins Spring 
Pini meta. 22i1ek 62] 38 | Wire Pins Extra hard 
Soft wire Soft 
Brazing Soft 
Muntz metal....... 60] 40 | Tube Condensers Condenser 
Miscellaneous Blued or 
half hard 


> 
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Leaded Brasses 


Approximate 


ae eid Pormposition Form Typical Uses ween 
Cu] Zn | Pb 
Leaded yellow....| 66 133 0.8 | Tube | For‘free turning Half hard 
Leaded high...... 66 133.5 |0.4 | Tube | Miscellaneous Blued or 
half hard 
Batt brass. ..s... 64 |35.25]0.75| Sheet | Butts Half hard 
' Hinges hard 
Matrices \ ard 
. | Wire | Screw eyes Rivet 
Clock brass...... 64 |34 1% Sheet | Clock and watch} Hard 
backs, gears, etc. 
| Free turning...... 61 |36 3 Rod Most screw-ma-| Drill 
‘ chine work 
One TE ei. cette + 60 |38 2 Rod _ | Hot forgings Drill 
Tinned Brasses 
| cu | Zn | Pr|sn| 
Commercial bronze 
| TOM ett otis eee 86 | 123] 1 3] Rod | Hardware Drill 
Admiralty......... 70 | 20 t | Tube | Condenser tubes| Condenser 
| Naval brass....../. 60 | 39 ¢| Rod | Bolts and nuts | Drill 
Marine use Drill 
Tube | Marine use Blued 
Nickel Silvers 
| Cu | Zn | Ni | 
5 per cent nickel...| 64 | 31 5 | Sheet | Trimmings Blued 
Wire | Inexpensive jewelry | Blued 
IO per cent nickel...| 64 | 26 | 1o | Sheet | Inexpensive jewelry | Blued 
Inexpensive table- | Soft 
; ware 
18 per cent nickel...| 64 | 18 | 18 | Sheet | Tableware Soft 
Drawing Soft 
Spinning Soft 


Base for most silver-| Soft 
plated ware 


a 
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ALLOYS 717 
Bismutn ALLoys (Fuster Merats) 
Bismuth Lead Tin Cadmium Pielring 
os 
Newton’s alloys ...] 50.0 31.25 18.75 —_ 95 
Rose’s EID; 50.0 28.10 24.64 — 100 
Darcet’s “ 50.0 25.00 25.00 — 93 
Wood’s § 50.0 24.00 14.00 12.00 | 66-71 
Lipowitz’s “ 50.0 27.00 13.00 10.00 60 
ALLOYS 
5 . . - Anti- 
Copper] Tin |Lead| Zinc |Nickel mony, 
Babbitt) cits. bin 02. Very hard. 
Bell metal ....| 76.5 | 23.5 “Big Ben,” 
74.8 | 25.2 Westminster. 
CASE h acoyt feroa: 63-72 27-34 Typical brass. 
“)\ wire 70.29] 0.17 29.26 
Britannia ..... 1.46] 90.62 7.81|Birmingham 
sheet. 
Bronze. aaa... 4. I. British coinage. 
80-90] 12-18 ore Heavy bearings. 
German silver. . 20.. | 20 Nickel varies. 
Gun metal ....!/ 91 9. Cannons, 
Mannheim gold) 80-88 20-12 
Muntz metal . .| 60-62 38-40 Ship sheathing, 
Packfong...... 43.8 40.6 Chinese alloy. 
Shot metal .... 99.6 15.6 Trace of arsenic. 
Speculum ..... 70.24| 29.11 trace Telescope mir- 
ror. 
Type metal.,..| 2.0 | 10. |70 18. 
3.2 |82 14. |Stereotyping. 
White metal 82. 12. |For bearings. 


ALLOYS FOR COINAGE 


Other 
Gold |Copper| Silver |Constitu- 
ents 
8.33 7 TH 
19.0 a a 
82.73 | 15.93 — 
19.63 40.02 _— 
7.1 92.05 | Lead 0.2 
fe Se aks ra shake 7.5 02.5 — 


Remarks 


British standard. 
“Latin Union” and American. 
Roman, 


Sita at Severus, 


265 A.D. 
Early British B.C. 50. 
Roman B.C. 31, almost same 

as British silver coin. 
British standard. 
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PRoPERTIES OF METALS 


STEEL AND OTHER METALS 


Metal Melting] Wt. per| Wt. per | Tensile | Specific Chemical 
Fort Cu. In.| Cu. Ft. | Strength | Gravity | Symbol 

Aluminum ...... 1217 | .0924| 159.63 | 20,000} 2.56 Al. 
Antimony ...... 1166 | .2424 | 418.86 6.71 Sb. 
Bismuth}... .i./. 520.| .354 611.76 9:83 | Bi. 
Brass, cast ...... 1692 | .3029 | 523.2 | 24,000] 8.393 
Bronze 4. eaaadets 1692 | .319 550. 36,000 | 8.83 
Chromium ...... 2750 | .2457 | 429.49 6.8 Cr: 
Cobalttteeaer 2714 | .307 530.6 8.5 Co. 
Coppetys. seen ‘1981 | .322 550. 36,000} 8.9 Cu: 
Golders 1945 | .6979 | 1206.05 | 20,000 | 19.32 Au. 
Tridtum) 5425-4 4260 | -8099 | 1400. 22.42 Tr. 
Trons:cast).3. aes 2700 | .26 450. 16,500) 7a2Timgibe. 
Iron, wrought ...|} 2920 | .278 480.13 | 50,000} 7.7 Fe. 
Leadsvies, We M 621 | .41 710. 3,000 | 11.37 Pb. 
Manganese ..... 2246 | .289 499-4 8. Mn. 
Mercury. /..... —38 | .4909 | 848.35 13.59 Hg. 
Nickel) Yoneda y.. 2646 | .31790 | 549.34 8.8 Ni. 
Platinum) 2.) 29:2 3191 | .7769 | 1342.13 21.5 Pt 
Silver syngas 1761 | .3805 | 657.33 | 40,000 | 10.53 Ag. 
Steel — cast ....] 2450 | .28 481.2 | 50,000] 7.81 
Steel — rolled ...| 2600 | .2833 | 480.6 | 65,000] 7.854 
Pinto NUKES. . 449 | .2634 | 455.08] 4,600] 7.29 Sn. 
Tungsten ....... 6152 | .69 1192.31 19.10 W. 
Vanadium....... 3128 | .1987 | 343.34 5.50 V. 
ZING Sais omnis 787 | .245 430. 7,500 | 6.86 Zn. 


* Authority of U. S. Bureau of Standards. 


SHRINKAGE OF CASTINGS 


Aluminum — pure 
3 Nickel tAlloys so70 .. se.ictsinin ae ohio ae 

e Special Alloy 
Iron, Small Cylinders 
Pipes 
Girders and Beams 
Large Cylinders, Contraction of Diameter 
AE LOp. cis... SRR eS TG 
Large Cylinders, Contraction of Diameter 
at Bottom 

“ Large Cylinders, Contraction of Length... 
Brass — Thin 
isiad Ci sit cl eaten Erte OO SGN ee a ci RRS 
Copper 
Bist piGl mathe uta init: sche akira ae Re 
Tread «cis. sfstree ee natin . i rata padi ghost © staltia ks 


.2031 inch per foot 
1875 “ “cc “cc 


.1718 “ “ “ 
.0625 “cc “ oe 
nites, “cc “ “ce 
.100 “ “ce “ee 
.0625 “ “ “ce 
-083 ‘73 “oe ce 
£004 “ “ ce 
167 “ “cc “ 
150 “ “ “ 
1875 “ce “ “ 
1563 “c “ce “ 
3125 “ce “eo “ 
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METALS USED IN DIE CASTING 


The metals used in die castings are limited by certain require- 

‘ments peculiar to the process. Hither they must not be subject 
‘to excessive shrinkage at high temperatures, or else they must be 
sufficiently strong to withstand the shrinkage. Unless one of these 
‘two conditions is met, the castings will crack before they can be 
removed from the die. For example, an alloy of aluminum and 
‘zinc, while common in sand casting, is not suited to die casting, 
‘although an alloy of aluminum and copper can be die-cast suc- 
cessfully. The metals used must not be such as will attack the 
‘surface of the die. It has been found that an alloy of copper and 
‘aluminum can be cast in permanent molds, while an alloy of 
\copper and zinc, fusing at no higher temperature, will seriously 
injure the surface of the mold. The metals must fuse at a tem- 
perature low enough to avoid destroying the section of the casting 
|machine in which the molten metal is contained, at least for a 
‘reasonable length of time. This condition has so far been one of 
‘the chief handicaps to the use of aluminum bronze in the produc- 
tion of die castings. 
Die casting alloys, in general, may be divided into four groups: 
1. Zinc-base alloys, which were early used in die casting, and 
which are still employed to a large extent in the production of 
many types of parts on account of their adaptability in taking 
accurate shapes when forced into the die under pressure. ‘The 
two following formulas are representative of the alloys of this 
class now in use: 


Per Cent Per Cent 
| 
platy," 6 None 
CASS US:, Sree ieee nei niece era 33 3 
Aluminum..... tt 5 
EES Os nr ag a 89} *o2 


* Horsehead spelter or its equivalent should be used in this alloy, or, in fact, 
any zinc alloy where the aluminum content is higher than 1} per cent. 


2. Tin-base alloys, or, as they are more generally known, babbitt 
metals. They have become of special use in the production of 
automobile bearings and have also become commonly used in 
connection with various parts requiring acid-resistance or non- 
corrosive properties. The following formulas are representative 
of this class: 
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Per Cent | Per Cent | Per Cent | Per Cent 
Tang fa soscutt Boorse tay tee 87 84 814 784 
Antimonyasationie sg 7 9 132 132 
Coppel. crits samkre soc 6 i es At 
eed ds atin ee 4 


3. Lead-base alloys or alloys containing a high percentage of 
both tin and lead. They are also used for bearings, but where the 
speed is slower and the heat conditions less severe, for ekample, in 
stationary engines. The following alloys may be considered 
representative: 


Per Cent | Per Cent | Per Cent | Per Cent | Per Cent 
Beadesci 2 « 25 42 674 75 843 
Tips g.cue. 614 48 17 15 5 
Antimony... . rot $ ios) 10 IO 
Copperin 20% 3 13 oo} fete) 00% 


4. Aluminum-base alloys. They may be divided into various 
groups: aluminum-copper, aluminum-silicon, aluminum-copper- 
silicon. Other elements, such as magnesium, manganese, and 
nickel, are sometimes introduced to give special color, toughness 
or wearing qualities. 

In considering the various alloys used in die casting, the limits 
of weight, accuracy and other properties possible in each are of 
interest. They may be classified approximately as follows: 


A—*Liuits, Maximum WEIGHTS FoR CASTINGS 


Pounds 
Aluminumebase. vic alsc.cchin sae cee Ge ne ene 3 
“PED ASCP note PE eo 8 
Lead-Baseit i be0.40) badd s dealaviee te 6 taj tage de ro 
ZC DASE ANY SMBHs BE PCONES, ORSTEIDIOT (LT SABE ee 6 

B—Limits, Minimum Watt THICKNESS 

Inch 
dhead-basesi.): nweoed-a sds sma obite: cele eee sy 
EBin- base siaay-Istas . meres cites serateentae pare 3a 
Zine-base ys sched. sgenl's % (on small castings) 75 
eu Eng 


Aluminum-base........... $ (on small castings) 5 


* These limits may sometimes be exceeded where the nature of the part is 
favorable to die casting. 
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C—Possiste VARIATIONS FROM DRawtnc DIMENSIONS, PER 
Inco oF DIAMETER OR LENGTH 


Inch 
PC AMIR RBEN I? ont} Cling. te A pmo s beheelee bas ©. 001 
BIAS OMNE G2 so chavulby sia sPe-asccne 7 sR RS 0, 0005 
C1 TED cc A SE ARE I aa ees 0.00 
Alimmnum-base...... SR... 0c. ©,0025 


Where the distance involved is several inches, these limits may 
sometimes be reduced. 


D—Maximum NuMBER OF THREADS 


imeadabasesexternal)... «sx... /Meak OE 24 per inch 
Zinc-base, external. «2... (0 44h eae 30 per inch 
dame base vexternial.) i. 0... cic ann nes OLE 34 per inch 
Aluminum-base, external.............. 20 per inch 


In the case of aluminum, where close fit is required, the threads 
should be cast oversize and chased. Where economical, internal 
threads may be cast in parts made from zinc-, tin- or lead-base 
alloys, but this is seldom possible in parts made of aluminum. 


E—HOotes 


Lead-base, tin-base and zinc-base, jy inch minimum. Regulated 
by depth of hole and thickness of casting. 

Aluminum-base, 3 inch minimum. Size of hole is dependent 
on its length and the general design of castings. Holes not cast 
can usually be spotted to facilitate drilling. 


F—Drart 


Lead-base and tin-base. Cores 0.0005 inch per inch of length 
and diameter. Side walls o.oor inch per inch. 

Zinc-base. Cores o.oor inch per inch of diameter and length. 
Side walls o.oo inch per inch. 

Aluminum-base. Cores o.or5 inch per inch of length and 
diameter. Cores less than } inch in diameter should have 0.005 
inch draft per inch of length. Side walls 0.005 inch per inch. It 
is sometimes possible to modify these limits when they interfere 
with the service required. 


ALLOYS FOR SPECIAL PURPOSES 


Alcumite 

ALCUMITE is a non-ferrous alloy with a golden appearance. It 
melts at approximately tooo deg. F. and remains strong and 
ductile up to about 1600 deg. Ultimate tensile strength is about 
75,000 lbs. cast elongation about 25 per cent. In rolled form the 
tensile is 100,000 to 110,000 lbs. per sq. in. and the elongation 30 to 
40 per cent. It resists sulphuric and most other corrosive acids 
and gases. 

Alcumite is an aluminum bronze alloy with a copper base and 
some iron, manganese and nickel. It is malleable, can be ma- 
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chined at 80 ft. per minute, and welded. It can be cast and forged. 
Specific gravity 8.3, weight per cu. in. 0.299 lbs., melts at 1900° F. 
Shrinkage 3 per ft. Brinnel hardness 130 for castings, 195 for 
hot rolled sheets. Tensile strength 75,000 lbs. for castings, 110,000 
Ibs. for hot rolled sheets. 


Aluminum 


Can be melted in ordinary plumbago crucibles the same as brass 
and will not absorb silicon or carbon to injure it unless overheated. 
Melts at 1217 degrees Fahr. or 625 Cent. Becomes granular and 
easily broken at about tooo Fahr. 


Shrinkage of pure aluminum....... 0.2031 inch per foot 
Nickel aluminum casting alloy..... 0.1875 inch per foot 
Special casting alloy... c/s « 0.1718 inch per foot 


The most used alloys have a strength of about 20,000 pounds to 
square inch at a weight of one-third that of brass. 

Iron or sand molds can be used and should be poured as cool as 
it will run to avoid blowholes. 

Burnishing—Use a bloodstone or steel burnisher, with mixture 
of melted vaseline and kerosene oil or two tablespoonfuls of ground 
ree dissolved in a quart of hot water and a few drops of ammonia 
added. 

Frosting.—Clean with benzine. Dip in strong solution of caustic 
soda or potash, then in solution of undiluted nitric acid. Wash 
thoroughly in water and dry in hot sawdust. 

Polishing —Any good metal polish that will not scratch will clean 
aluminum. One that is recommended is made of 

Stearic acid—One part $ 

Fuller’s earth—One part } Grind fine and mix very well. 

Rotten stone—Six parts 

Castings are cleaned with a brass scratch brush, run at a high 
speed. Sand blasting is also used both alone and before scratch 
brushing. 

Spinning.—A high speed, about 4,000 feet per minute, is best for 
spinning. This means that for work 5 to 8 inches in diameter, 
2,800 to 2,600 revolutions per minute is good, while for smaller work 
of 4 inches this would go up to 3,200 r.p.m. 

Turning.—Use a tool with shearing edge similar to a wood- 
cutting tool, as they clear themselves better. Use kerosene or water 
as a lubricant, or if a bright cut is wanted, use benzine, For 
drawing on a press use vaseline. 

Soldering.—See page 158. 


Ascoloy 


Ascoloy is a chromium steel alloy sometimes called rustless iron. 
Tt can be machined in about the same way as high carbon steel 
and can be welded by either oxyacetylene or arc, although the 
former is preferred. Tensile strength annealed, 80,000 lbs., prop- 
erly heat-treated it has shown 200,000 Ibs. Brinnel up to 364. 
Good for use in mines. 


SPECIAL ALLOYS 723 


Bakelite 


Bakelite is a synthetic product formed from formaldehyde and 
phenol or carbolic acid, that form a resin like material which 


| hardens with heat. It is molded into many forms and by impreg- 


nating sheets of paper or cloth with the resin and baking it under 
pressure, a very strong sheet is produced. Gears are made from 
sheets made up of strong cotton duck and Bakelite and give quiet 
sérvice and long life. Specific gravity 1.35. Tensile strength of 
average products 13,000 lbs. Molded products 4500 lbs. 


Calite 


Calite is a heat-resisting alloy in which nickel and aluminum are 
the principal alloys. It is used for carburizing boxes and similar 
purposes. Cast calite cannot be machined nor cut with the oxyacet- 
ylene torch. All finish is by grinding. It also resists corrosion 
from salts. The general physical properties are: 


NE EMDOIRE ea. a Sarl oles ce SE 2777 degrees Fahr. 
SCPEMMON POU ence Rt AU BLE 2500 degrees Fahr. 
Working temperature............ 2200 to 2370 degrees Fahr. 
RERUN CMM ETA IIV a See cine: Site sale are nino teeta aes teaeaate 7.03 
WieieMeamer voubic sINChi ae ger cess hace te ese eee 0.25 Ib. 
Tensile'strength ) 5.000. 05.5 36,800 pounds per square inch 
Mrmen hardness annealed tee het a vies ols Seta ens one 286 
SV CELI UNE UB Sach Shai gt ra EIS Ua ICRU SII Ee Aaa act rect 40 
Duralumin 


DurAtuMin is an aluminum alloy that has the advantage of being 
approximately one-third the weight of steel, or 0.101 to 0.103 pound 
per cubic inch. It can be supplied in various types and sections 
ranging from plates and sheets to angles and tubes, and can be cast, 
forged or stamped so that it may be used for a variety of parts. 
Duralumin is the trade name of the product, and similar metals are 
made under other names carrying the same characteristics. 


CoMPosITION 
The composition of the finished alloy can be stated as follows: 

Per Cent 

Poppers aerinoiie. aliges Wy. ans § 3.5-4.0 

Rrancaneses: twit. nino tsi hoe) chou 0.5-0.75 

MVNO TGOIUTIN Ns SEI Hasea ELE Ni tarenh: oe we = biden, 3 0.5-1I.00 

miucone a. acai. Peat Uta. semiptet. Under 0.60 

ron ont. oF ulediio nonsoei ee Under 0.60 

PRAMS Sacejs ee ee IR RE Oe Balance 


Silicon and iron are generally impurities. The form in which 
the raw material is used is important and can be stated as follows: 
Ingot aluminum over 99 per cent purity 
50 per cent. copper 
50 per cent aluminum 
Aluminum go per cent 
Magnesium to per cent 
Aluminum go per cent 
Manganese ro per cent 


Copper aluminum alloy 


Aluminum magnesium 
Aluminum manganese 
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ANNEALING 


Temperatures to which duralumin is subjected must be carefully 
watched and checked by the use of accurate pyrometers. The 
secret of good duralumin lies entirely with the accurate temperatures 
used in alloying and in heat treatments. Annealing should be done 
between the temperatures of 660 and 715 degrees Fahr. and cooled 
in air. At this temperature the metal becomes plastic and can be 
worked and formed into various shapes. The purpose of annealing 
is to increase the softness and ductility, so that it may be more 
easily formed into various shapes, such as stampings, also that it 
may withstand the strains to which it is to be subjected. 


Herat TREATMENT 


The tempering of duralumin consists of immersing the metal parts 
in a salts bath, heated to a temperature of 895 to 930 degrees Fahr. 
then quenching in boiling water. The salts employed are potassium 
nitrate and sodium nitrate in equal parts. An important point is 
the period of time necessary for the material to remain in the bath. 
For annealing plates from 0.04 to 0.08 inches thick, ro to 20 minutes 
at 660 degrees Fahr. are required and for tempering the time is 
from 7 to 16 minutes at 930 degrees Fahr. The methods of heating 
are electrical, gas or oil. Charcoal or coke should never be used, 
because the gases given off, if they should combine with the nitrates 
used in the bath, would result in a highly combustible and explosive 
compound, 

MACHINING 


Duralumin can be turned and machined at practically the same 
speed and feed as brass. It does not seize or drag the tools as do 
some aluminum alloys. Kerosene forms a good tool lubricant in 
threading or finishing parts, leaving a clean-cut surface. A mix- 
ture of lard oil and kerosene, in equal parts, will be found useful for 
average work. When buffed, duralumin takes a fine polish similar 
to silver, except that the surface lasts longer, as it does not tarnish in 
the presence of sulphureted hydrogen and similar gases. 


Everdur Metal No. 50 


Everdur is an alloy of copper, silicon and manganese and com- 
pares physically with medium carbon steels, but resits corrosion. 
Specific gravity cast 8.15, weight per cu. in. 0.294 lb. Tensile 
strength, castings 50,000, small hard drawn wire 157,000 lbs. 
Melting point 1922° F. Machines similar to high grade bronze. 
Can be welded by either process. 


Genelite 


Genelite is a spongy bronze with about 4o per cent, by volume, 
of graphite uniformly distributed in it. Its spongy nature per- 
mits it to absorb about 3 per cent in weight or 20 per cent in volume, 
of oil. It is a bearing metal for piston pin bushings and similar 
places. It is difficult to cut as it dulls tools rapidly but can be 
easily ground with the proper wheels. It should be completely 
supported as it springs easily. 
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Mond “Seventy” Alloy 


Mond seventy is a nickel copper alloy with a little manganese. 
Specific gravity 8.72, weight per cu. in. 0.314 lb. Anneals for 
general work at 1s5o0o° F. Can be welded by either method. 
Machines with high speed steel tools at about 60 ft. per min. 
Drill at regular speeds but ream at about 15 ft. per min. Strength 
runs up to 90,000 lbs. 

Monel Metal 


Monel metal is a natural alloy of copper and nickel which shows, 
when analyzed, a composition of 68 to 70 per cent nickel, about 
1% per cent iron and the remainder copper. It is practically 
non-corrosive from atmospheric influences, fresh or salt water or 
superheated steam, and is only slightly affected by acid fumes. 


PHysIcAL Properties oF Monet MrEtar 


Wicldiepolnte rors: cris MIE gt tee sisi. 3 58,760 pounds 
Miensilerstreneth . 2 hii dirs wade ate! 3! 85,972 pounds 
Blongationvin 2 inchesswawc eats cash eeg8 per cent 
Reduction: areag wwiis <cee hles Sal! Liss 59 per cent 
Miele Spa POMNtH, (crete 4 siowbhc. Sac eyes Pane, dls 1360°C. (2480°F.) 
SMG OMIGIOTAVILY ie cuictesisnagste Ne GLE ste Se decslle ale 8.87 
Weight per cubic inch (cast)................ 0.319 pound 
Weight per cubic inch (rolled)............... 0.323 pound 


The metal is readily rolled into sheets and is used for a variety 
of purposes, such as roofing and cornice work, sheathing vessels, 
making cooking utensils, perforated screens and, in fact, for any 
purpose where non-corrosive sheet metal is particularly desired to 
meet special conditions. For estimating weights compare with 
copper, 0.322 pound; brass, 0.3029 pound; and steel, 0.28 pound per 
cubic inch. 

Monel shrinks + inch to the foot in casting; should be poured at 
2800 degrees Fahr. Cores should be made of washed silica sand 
and raw linseed oil, about 25:1 for large cores and 60:1 for small cores. 

PicKLE.—4o gallons cold water, 6 pounds sodium nitrate, 3 
pounds sodium chloride, add 1 gallon of 66 degrees sulphuric acid 
last. Keep at 200 degrees for about 3 hours. 

Macurininc.—Use high-speed steel with sharp cutting angles, as 
shown. High tungsten tools should be drawn to tooo degrees Fahr. 
and cooled slowly. 

Cutting speeds can be high for light cuts, as per table: 


Cut, in Inches | as | is 


a4 


sy 


te | er 


Feed, in Inches 


|| ala|alafal ala 


Cutting )} Cast 100] 90] 75] 85) 79] 50] 75] 60] 45} 40] 50} 40] 30 
Speed in ae ene 

Feet per || Rolled |115|100} 85] 95] 80] 55] 85] 70] 50] 45] 55] 45] 35 
Minute | 
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Two turning tools and a threading tool are shown in Figs. 1, 2 
and 3. Drills stand up at from 3o to 50 feet cutting speed and a 
feed of 0,005 inch per revolution. Milling cuts run from 70 to 80 
feet per minute with § inch cut and a feed of 0.005 to 0,01 inch feed 


P 
AS ie 


bach Slope, Side Slope 
v 


I'1c. 1.—Tools for Monel Metal 


per revolution. Taps work well at 15 to 20 feet per minute. Chip 
tends to stick to top and overheat. Taps with two or three lands 
and shallow flutes work well. Grinding is done much as with steel. 
Any good cutting oil is satisfactory. Forging temperatures range 


3'R 


Angles. 
Angles: A=12° €=18° E=17° 
A=13° B=23°C=9°D+12° B:9° 030° F=33 
Fic: 2 Fic. 3 x 


from 1800 to 2100 degrees Fahr.—usually not over 1950 degrees 
Fahr. Forging presses not suitable. Anneal from 1450 to 1700 
degrees Fahr. Heating in cyanide and cooling in water give soft, 
bright metal. 
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WeEtpInc.—Monel welds readily by gas or electric methods. 


: Castings should be preheated to dull red. Welding tip should be 


one size larger than for steel and monel rods used. Monel can also 
be soldered and brazed in the usual manner, taking care to have 
metal clean at joints. Monel rods make weld on cast iron that is 
easily machined. 

DRAWING AND PuncuInc.—Reduction of diameter and depth of 
draw about as for steel, but corners of dies should have larger 
radius to prevent tearing. Metal is ‘‘sticky”’ and tends to adhere to 


soft dies. Diameter of first cup is usually about two-thirds that of 
blank. Reduction of 30 per cent in gage may be had in one draw 
with slight reduction in diameter. Clearance in dies depends on 
gage of metal, 0.004 inch being good for lighter gages. Has little 


tendency to wrinkle, but takes more power than steel. Anneal at 
1400 degrees between draws. Punches ore designed about 75 per 
cent stronger than for steel, with same clearance angles. 

SPINNING AND Po.LisHINc.—Owing to its toughness Monel is 
harder to spin than copper, brass, steel or silver, requiring more 


frequent annealing. Spinning tools should be brass, bronze or wood; 
steel has a tendency to drag and harden the metal more rapidly. 


Run lathe at about 600 r.p.m. and use tallow as lubricant. 

In polishing it is necessary to get the skin off castings or hot- 
rolled metal. Five steps are advised: three grinding wheels, a 
grease wheel and a buff or polishing wheel. 


Nichrome 


Nichrome is a trade name for a specific mixture of nickel and 
chromium. It retains strength at high heats and resists continued 
or repeated exposure to heat, as in annealing and carburizing boxes; 
it also resists nitric, hydrochloric and sulphuric acids. Its prop- 
erties are: 


Al SIE TSELEN OUND sr atstet isin scm che \essee wielees 64,000 pounds 
Elongation in 2 inches...............- 32 per cent 
Reduction°m areas... 2 per cent 
Mieltingpointie, A000. (UE Die 2500 degrees Fahr. 
Speciacsravity.. p2ROV I 2. Ree 8.06 

Weight per cubic inch (cast).......... 0.29 pound 

Brine hardness!4 49 ea A 157-187 

Rockwell! hardness: i. B-83-94 
Scleroscope hardness: 4.000000... oe 30 


Nichrome welds readily by arc or flame. Preheating is necessary 
and the weld surface must be clean. Flux is needed in flame weld- 
ing, but not in arc. Nichrome cannot be cut successfully with a 
torch, as it does not oxidize readily; a hack or cold saw is better and 
cheaper. 

Nichrome castings can be machined readily with any good high- 
speed cutting steel at a speed of about 18 feet per minute. Due to 
the toughness of the alloy, the tools must be ground with special 
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angles. These particular angles have been worked out, and Fig. 
4 shows how tools should be ground for machining and threading 
Nichrome and Cimet castings. 


bdisinh 


Top rake l0deg.side clearance 
on top also /0deg. Other angles 
as shown. 


Dice 
Le eee 


Fic. 4.—Tool for Nichrome 


b, Rad LY 


Silumin 

Silumin is a German alloy of aluminum silicon, and has a strength 
of from 25,000 to 33,000 pounds per square inch with an elongation of 
to per cent. It shrinks very little in casting. The combination of 
high ductility with small shrinkage makes possible the production 
of very intricate castings. It has a specific gravity ro per cent less 
than aluminum. Silumin has a very close grain and takes polish 
very well. It can be cut much faster than aluminum. 


Stellite 


Originated and developed by Elwood Haynes. Stellite is com- 
posed principally of cobalt and chromium, with small amounts of 
tungsten and molybdenum added to increase its hardness. It 
is not a steel in any sense since it contains absolutely no iron. 

One of the most remarkable properties of stellite is its ability 
to retain a cutting edge at high temperatures so that lathe and 
planer speeds, which would be prohibitive when steel tools are 
used, may be employed. 

It takes a very high polish which rivals silver in brilliancy and 
luster. Fruit juices, fruit acids, and antiseptic solutions, in- 
cluding bichloride of mercury, phosphoric acid, and iodine, have 
no effect on stellite, so that it is coming into use for pocket and 
table cutlery and surgeons’ instruments. 

All machining must be with grinding wheels and, because the 
material is cast in most cases, there is a fairly large amount of 
stock to be removed. 
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The turning tools are made in three grades: No. 1 stellite is the 
mildest, but also toughest and strongest; No. 2 stellite is harder 
than No. 1, but similar in other properties; No. 3 stellite is much 
harder than either of the other kinds and possesses great wearing 
qualities, but is quite brittle. 

No. 1 is used for mild steel up to 30 point carbon, No. 2 for 30 
to 100 point carbon and soft cast ‘iron, .and No. 3 for malleable 
iron and both hard and soft cast iron. Bar stellite as it comes 
from the mold must first be snagged to a more finished bar. The 
next step in making lathe tools is cutting off the bars to proper 
lengths. 


STEAM HAMMERS AND DROP FORGING 


WHILE it is impossible accurately to rate the capacity of steam 
hammers with respect to the size of work they should handle, on 
account of the greatly varying conditions, a few notes from the 
experience of the Niles-Bement-Pond Company will be of service. 

For making an occasional forging of a given size, a smaller ham- 
mer may be used than if we are manufacturing this same piece in 
large quantities. If we have a 6-inch piece to forge, such as a pin- 
ion or a short shaft, a hammer of about 1100 pounds capacity would 
answer very nicely. But should the general work be as large as 
this, it would be very much better to use a 1500-pound hammer. 
If, on the other hand, we wish to forge 6-inch axles economically, it 
would be necessary to use a 7000- or 8000-pound hammer. The 
following table will be found convenient for reference for the proper 
size of hammer to be used on different classes of general blacksmith 
work, although it will be understood that it is necessary to modify 
these to suit conditions, as has already been indicated. 


Diameter of Stock Size of Hammer 
BE TERNS rest aitwivcayesnite Sinidleva, «oR leah gle ark 250 to 350 pounds 
PRM ET) OC va Ph PERC AICRIANSLESY TO TREO Pink Tea SNS 350 to 600 pounds 
AdsInc hae Aero. SE eG crete creme pl clotel a vereveleyerercte tac teen pater 600 to 800 pounds 
Ee (000) octet is era OA aE I AO ery ORV eEE ICUS CLA OE SO Chast gO CREEL 800 to 1000 pounds 
Gn Taha opis «cs Ades eyei setae lols Soe tela tye aaa Sa Nga 1100 to 1500 pounds 


Steam hammers are always rated by the weight of the ram and 
the attached parts, which include the piston and rod, nothing being 
added on account of the steam pressure behind the piston. This 
makes it a little difficult to compare them with plain drop or tilting 
hammers, which are also rated in the same way. 

Steam hammers are usually operated at pressures varying from 
75 to 100 pounds of steam per square inch, and may also be operated 
by compressed air at about the same pressures. It is cheaper, how- 
ever, in the case of compressed air to use pressures from 60 to 80 
pounds instead of going higher. 

In figuring on the boiler capacity for steam hammers, there are 
several things to be considered, and it depends upon the number of 
hammers in use and the service required. It will vary from one 
boiler horse-power for each too pounds of falling weight up to three 
horse-power for the same weight, according to the service expected. 
In a shop where a number of steam hammers are being used, it is 
usually safe to count on the lower boiler capacity given, as it is 
practically safe to say that all of the hammers are never in use at 
the same time. Ina shop witha single hammer, on the other hand, 
and especially where hard service is expected, it is necessary to allow 
the larger boiler capacity as there is no reserve to be drawn on, due 
to part of the hammers being idle, as in the other case, 
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DRAFT IN DROP FORGING DIES 


In sinking dies for drop forging, it is important that the draft at 
the sides of the impression should be made as little as possible to 
avoid heavy cuts in the machining operations. It is equally im- 
portant that the draft be sufficient to allow the forging to be easily 
withdrawn from the die, else production under the hammer will be 
hampered. The’standard draft (or draw) for most dies is 7 degrees 
from the perpendicular, but other angles are used in special cases 
_and sometimes two or three different angles of draft are used in the 
same die at different parts of the impression. 

Figure 1 shows the plan and side elevation of a lower die where 
three angles of draft are advisable. The shoulders A and B are 
places where the metal is likely to hug on account of the contraction 


Fic. 1.— Example of Draft in Drop Forging Dies 


of the hot metal along the part marked C, which is of comparatively 
small cross-section and will cool rapidly. These shoulders are given 
an angle of 9 degrees. ‘The inserted tool-steel plug D, is another 
place where metal is likely to hug badly. It is usual to give such 
plugs 12 and even r5 degrees of draft on each side. Moreover, the 
tendency of plugs to get “jumped up,” hammered over and badly 
heat checked is much reduced if they are given a big draft. The 
part marked £ is semicircular and will draw easily. The end of E 
at F is a part of a sphere. All other sides of the impression are 
given 7 degrees draft. If the die is smooth and regular the forging 
will draw easily. 

All impressions are laid out to % inch to the foot shrink rule. 
This allows for a shrinkage of about o.oro inch to the inch. The 
same shrinkage is allowed in the thickness of forgings. For 
example: A forging is to be 2 inches thick with half the thickness in 
each die. The depth of impressions will be 1.010 inch in each die. 
Tn laying out the impression on the face of the die, allowance has 
been made for shrinkage in length, thickness and breadth of forging, 
and, in addition, for the draft on the sides. In complex dies where 
there are many different depths and offsets on the face of the die, the 
die sinker has to keep all these points constantly in mind while 
laying out, or run the risk of spoiling the whole job. 


A TABLE or Drarr DIMENSIONS 


The allowance for 7-degree draft is easy to remember, being 
almost exactly #; inch at the face of the die for each ¢ inch of depth. 
Table 1 has been calculated to give the allowances in thousandths 
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of an inch on actual depth, as measured with an ordinary depth 
gage. Itis not usual in marking out to work closer than ¢; inch, but 
the arrangement of table in thousandths allows the nearest ¢y inch 


TABLE 1.—ALLOWANCE IN THOUSANDTHS OF AN INCH AT FACE oF 
Die ror STANDARD ANGLES OF DRAFT AND VARIOUS DEPTHS 
OF IMPRESSION 


STANDARD Drarr ANGLES IN DEGREES 


Depths in 
Inches 
5 Degrees 7 Degrees 9 Degrees 12 Degrees 

Inch Inch Inch Inch 

} 0.011 0.015 0.020 0.027 

4 0.022 0.031 0.040 0.053 

q 0.033 0.046 0.059 0.080 

4 0.044 0.061 0.079 0.106 

i 0.055 0.077 0.0909 0.133 

} 0.066 0.002 O.119 0.150 

t 0.077 0.107 0.139 0.186 

I 0.087 0.123 0.158 0.213 
1} 0.098 0.138 0.178 0.230 
1} 0.109 0.153 0.198 0.266 
1} 0.120 0.169 0.218 0.292 

I 0.131 0.184 0.238 0.319 

I 0.142 0.200 0.257 0.345 

I 0.153 0.215 0.277 0.372 
1} 0.164 0.230 0.207 0.390 

2 0.175 0.246 0.317 0.425 


to be taken. The best plan is to take the allowance for the angle at 
1 inch depth as a constant and figure out the allowance for the 
particular depth wanted from the expression 


Draft allowance = £P. 


Where C = aconstant and D = the depth in inches. 


Makino Tyres 


A type, shown in Fig. 2, is generally used as a guide for chipping 
and scraping out the spherical end of the semicircular part £. It is 


yy 

| Mean Angle 
us va of Draft 
lic. 2 Fic. 3 


not usual to make the curve on the end conform to any particular 
mean angle of draft. Most diesinkers merely turn the end of the 
type to a curve that looks right to the eye. However, uniformity 
is desirable in these curves and Table 2 is given as a help in that 
direction. It gives the values of the mean angle of draft with 
various radii expressed in terms of the diameter of the type, It will 
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Taste 2—MeEAn Drart or SPHERICAL END OF CYLINDRICAL 


TYPE 
When Radius of End of Type is Mean Angle of Draft in Degrees is 
| 
2% X Diameter of Type 53 
at p4 “ce “ce “cc 64 
2 “cc ce ce et 
73 < 6c “c “ it 
Bn ~< ce “ “ 93 
ie 
be noted that if the radius 7 is made twice the diameter of the type 


the mean angle of draft is 7; degrees. This rule is easy to remember 

and a good one to adopt as standard. A good and easy way to geta 

close approximation to the required curve is as follows: Turn a 
cylinder of tool steel to the required diameter. Face the end square, 
scratch off the distance G H equal to the allowance for draft obtained 
from Table 1, remembering that the depth is half the diameter of 
the type. Turn the end toa curve which is uniform to the eye from 
the center to the scratched line H. After the type is hardened it is 
ready for use. 

Semicircular impressions are finished with ball cutters of the cor- 
rect diameter. When a ball cutter of the correct diameter is not at 
hand and the job will not warrant making 
one, the following method may be used. The 
center line of the impression is projected to 
the end of the die. A semicircle is scribed on 
the vertical surface of the end. After the 
impression is roughed out, a smaller ball 
cutter is placed in the chuck of a diesinking 
machine and the knee and slides manipulated 
until the cutter is in proper relation to the 
semicircle as shown in Fig.3. A square is 
used to indicate when the curves of cutter and semicircle are coinci- 
dent, as at J. The micrometer dials are now set, the lateral slide 
locked, the knee lowered, the longitudinal slide operated until thecut- 
ter is in position over the impression and the ball tool sunk into the 
die until the micrometer comes to the position set at the semicircle on 
the end. A longitudinal cut is taken with this setting. The cutter is 
then placed in another lateral position and the operation of setting 
and cutting repeated. It may be necessary to perform this opera- 
tion several times, and even then the result will be a series of gutters 
and ridges instead of a uniform, semicircular depression. This can 
be readily corrected with the scraper and riffler. 

An aid in testing the accuracy of. semicircular impressions is 
shown in Fig. 4. If the semicircle is true, the corners of the square 
will touch in all positions when the sides are resting on the edges of 
the impression. If the square rocks on the corner in any position, 
that spot is high and must be scraped down. This test must be 
made before the ‘‘flash”’ is milled in the die. 


KNOTS AND SLINGS 
KNOTS AND SLINGS FOR HANDLING WORK 


Tue knots described have been useful in work in out-of-the-way 
places. No. 1 indicates the meaning of the terms employed. 

No. 2, Simple or Overhand Knot.—The simplest of all knots to tie, 
and may be used as a stop on a rope. A free end is necessary to 
make it. If strained, it injures the fiber of the rope more than a 
figure-8 knot, and it is difficult to unmake and liable to jam. 

No. 3, Double Overhand Knot.—Used for the end of a rope when 
it is required to prevent its going through an eye, as in a pulley block 
or for the end of a halter rope. Also useful for shortening a rope and 
may be made with any number of turns: A in the illustration shows 
the first position; B, the knot finished with two turns; and C, one 
with four full turns of rope. 

No. 4, Figure-8 Knot (Flemish) —May be employed as a stop on a 
rope; is less injurious to the fiber of the rope, and more easily un- 
done than either the single or double overhand knot. If made with 
the rope doubled and the bight left long, it becomes a figure-8 hoop 
knot. 

No. 5, Stevedore Knot.—End of the rope is wrapped twice around 
the standing and then passed through the eye. Useful as a stop on 
a rope to prevent the end going through an eye, as in a pulley block 
(see double overhand knot). Also employed instead of sewing the 
rope end with twine. 

No. 6, Boat Knot (Marline-spike Hitch) —Suitable for quickly 
making a rope ladder, or getting a temporary pull on a rope with a 
marline-spike. No free ends required to form this knot. Point 
marked A must always be at the back of the spike or rung of the 
ladder, away from the direction of the weight or pull. 

No. 7, Slip Knot (Simple Running Knot).—The simplest kind of 
slip knot. It may be used similarly to the packer’s knot, but is not 
so good, as it is liable to pull through and does not bind on the rope. 

No. 8, Tomfool Knot (Double Running Knot)—When the loops 
are drawn taut and the ends tied, this makes a pair of handcuffs 
which it is almost impossible for the person so secured to undo. It 
may be used as a barrel sling, half-hitches being put on the ends, and 
the hook put under the knot itself. The bight marked 3 is passed 
through the overhand loop as shown by the dotted line. 

No. 9, Flemish Loop—This knot makes a simple loop for light 
work and may be used in the same way as a bowline, but is not so 
quickly made; neither is it so secure nor so easily undone. The 
security depends almost entirely upon the check knot. 

No. 10, Bowline—A generally useful knot when a loop of any 
sort that will not slip is required, as in a sling for lowering a man, or 
fastening a bucket to a rope. 
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No. 11, Bowline II.—A method of attaching the end of one rope 
to the standing of another. A half turn is put in the standing and 
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the end of the other rope taken through as if tying an ordinary 
bowline. ‘This knot is practically a sheet bend. 

No. 12, Running Bowline.—As shown in the first position a half 
turn is made at A (shown dotted) and the end is passed through and 
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to the back of the part marked B. This is a good slip knot and does 
not tighten on the standing, always remaining open. 

No. 13, Bowline on a Bight.—The part marked A is passed behind 
B and then in the direction of the arrow toC. The bight B is then 
pulled taut. The two loops of this knot may be used as a man sling, 
a barrel sling, or as a double man-harness, one loop under each 
shoulder. When tightened it will not slip. 

In case of an injured man, one of the loops can be kept shorter 
than the other and adjusted under the armpits, the man being 
seated in the larger loop. 

No. 14, Open-hand Loop Knot and Figure-8 Loop Knot.—The 
upper loop knot is the one in common use and is adapted principally 
for small ropes. The lower, or figure-8 knot, is a better form and 
may be used on a larger rope as it injures the fiber less than the 
common form. These knots require a greater length of rope than 
the bowlines, but may be used in similar ways. 

No, 15, Man-harness Knot.—This knot can be tied in a rope with 
neither end free. The bight A is pulled through under B and over 
C, and the knot pulled taut. It is useful as allowing a number of 
men to get a good purchase on a rope for hauling; also to put loops 
in the rope to receive hooks at points other than the ends. 

No. 16, Packer’s Knot—A modification of a simple slip knot, but 
has the advantage, when pulled tight, of biting on the standing at 
A and not easily slipping back. It is particularly useful for cording 
up rolls of camp bedding, etc. It can be made permanent by an 
added half hitch on the standing. 

No. 17, Blackwall Hitch—A convenient method for returning an 
empty ropeona hook. Witha greasy rope, method B holds better. 

No. 18, Modified Fisherman’s Bends—These are given as alter- 
natives for securing ropes to poles or bars, and are adapted to 
heavy strains. 

No. 19, Fisherman’s Bend.—A better method than the gooseneck 
or lark’s head (Fig. 20) for securing rope atoachainorlink. Itis 
also used to fasten the rope to a bar or the bail of a bucket. Lash- 
ing at A is necessary to prevent pulling through. As shown in first 
position, two turns are taken over the link and the end brought back 
in front and passed through the turns as shown dotted. 

No, 20, Lark’s Head—Useful for fastening a rope to the link of a 
chain or to a ring in a wall or box. It is not a secure knot unless 
lashed at A. B shows a toggle inserted to prevent slipping. C isa 
modified gooseneck on a bar, suitable for securing the end of a rope 
in scaffolding. The end must be placed at the back and the 
whole pulled taut. 

No. 21, Half Hitch—A quick and simple way of securing a rope 
to a timber when no great pull is expected. The rope end is placed 
under the pole, then back over to the right as shown. The end 
must always be placed right at the back away from the pull, as 
shown at A. The right-hand sketch shows the hitch with a slip to 
facilitate undoing. 

No, 22, Timber Hitch.—This is the best and simplest of all timber 
hitches and may be used for towing or otherwise handling timber, 
tods, pipes, etc.; also for starting lashings on scaffolding or any 
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| kind of pole work. For raising or lowering timber, the half hitch 
| should be placed high above the center of gravity to avoid slanting. 
No. 23, Clove Hitch—This is one of the most useful of all hitches, 
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used for mooring ships heads of derricks for guy lines and all kinds 
of rigging work. It may be easily undone, or a bight may be put in 
instead of one end to use as a slip. When commencing to tie the 
hitch on a horizontal bar, the rule is over and back below, or the 
reverse of the procedure in tying a half hitch. 

No. 24, Rolling Hitch—This lashing is used for getting a grip on 
a large rope with a smaller one. Made in a chain it can be applied 
to wire ropes and will not slip when the load has been taken up. 
It is also suitable for hauling on electric cables, or withdrawing 
diamond drill or other rods. For securing the end A may be 
brought down and be lashed to the large rope. In making, the end 
is passed over the spar twice, then returned back as shown at (3), 
then over behind as at (4), and up and under as at (5). 

No. 25.—A square or reef knot, used only for joining two ropes 
together. 

No. 26.—Sheet bend in an eye, generally used for an adjustable 
sling. 

In supporting a swinging scaffold, it is often advantageous to use 
light material, while, at the same time, strength is required. A 
plank on edge isa great deal stiffer than the same plank laid flat, and 
No. 27 shows how to sling a plank edgewise by a rope so that it will 
stay. The knot used is a very simple one. A clove hitch is made 
around the end of the plank; then one of the parts is twisted around 
the plank until the ends lead as shown in the sketch. 

Very often it is desirable to shorten a piece of rope without cutting 
it. No. 28 shows a sheep’s shank which is used for this purpose. 
The rope is brought back on itself, making two or more bights, and 
a half hitch is taken around each bight. This knot will not slip, 
and will nearly fall apart of its own accord if the strain is released, 
so that when there is a liability of this happening, it is well to pass 
a piece of wood through the loop A at each end and pull the rope 
tight on them. 

One of the handiest knots to know isa bowline. The bowline will 
not slip, and is easy to untie. It can also be tied in the bight of a 
rope, and is then called a ‘“‘bowline in a bight.” The steps required 
to tie it are shown at No. 29. It is particularly handy when it is 
necessary to hitch an auxiliary tackle on a fall to get additional pur- 
chase for a heavy lift. This knot has all the good points of the 
simple bowline. 

In using a block and fall for pulling things, there is a right way 
and a wrong way of doingit. No. 35 shows the right way, W being 
the weight to be moved. If A were the weight and W the post, the 
blocks being left as shown, then it would be wrong. The advantage 
of the right way of doing it is that the leverage due to one additional 
part of ropein the tackle isgained. Thusa three-part fall, rigged in 
the right way, is as good as a four-part fall rigged in the wrong way, 
and has the additional advantage that there is one less sheave with 
its friction. In lifting a heavy weight, it is sometimes desirable to 
put a tackle on the fall to gain additional leverage; the common 
practice in a case of this kind is to hitch the auxiliary tackle to a 
“dead man.” The right way is to hitch this tackle to the piece to 
be lifted alongside the main tackle, which adds considerably to the 
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leverage, being equivalent to one more part to the main fall besides 
the gain by the use of the auxiliary fall. 


No. 30.—Clove or double half hitch. 

No. 31.—Timber hitch. 

No. 32.—Clove or double half hitch as used for hauling. 

No. 33.—Studding sail hitch as used in hoisting timber. 

No. 34.—Timber and half hitch. “Useful‘in hoisting shafting or 
timber in a vertical position. 


SAFE LOADS FOR EYE-BOLTS AND FOR ROPES 


AND CHAINS 

TABLE 1.—Sarr Loaps ror EyeE-BoLrts 

3 . Diam. 
Threaded ae ies Metal Safe 

Diam. Five Around | Load, Lb. 
iawn Eye 
a 1} ve 1,100 
1s Tyg 45 1,500 
3 rt A 1,800 
i Ite 2 2,800 
ka 3 

Drop-forged steel ..... ...... ey: oh : H eee 
rt ars Is 8,400 
ba | ais 1% 12,200 
It 31's 14 16,500 
2 375 Ig 21,800 
1% 3 1} 10,000 
D.B.G. iron E.L., 28,000 lb. per 1? 4 14 11,000 
Sq: 1D, welded i. hrersas 2 5 ri 14,000 
2h 6 2 16,000 


TABLE 2.—Sarr Loaps on Roprs AND CHAINS 


Manila Hops) Sale Load Wire Se Load Chains, Safe Load in Tons 
6 aes (3a Boh eg vali 
S| 2 Ay i) Has \beas Ay i) g d| © q Ay Ay 
oo) BS] 2 | 2 |25\28| 2 | 2 REI BE] 2 | 8 
Ama |am) a | & |AO|ax| a | & |AO| #o|] 2 | & 
t 4 + I 2 33 + + 14 
i i H < H 1% 3t 63 { I z | 3 
iy 1% 23 4% 9 2 34 6 
t Chen lie 2 t 34 6 12 i 3 5 9 
I 4 1} 2k I 4 8 16 5 9 15 
1} I 2 3 1} 6 12 24 t 6 10} 18 
ri x} ak 4 13 Io I9 36 I 8 I4 24 
I 2 4 6 14 13 25 48 II 19 33 
2 at 5 8 2 16 32 60 I 13 23 39 
a3 3 64 | 11 14 | 18 32 | 54 
2 44 | 8 13 
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Sarr Loaps in Pounps ror DoUBLE-CHAIN SLINGS 


When lifting with a double sling the load varies with the angle 
as shown in the table which gives the safe load of chain at the 
various angles shown. At an angle of 120 degrees the load is 
doubled. Never tie knots in chains, take up slack with adjusters 
or wedges. 
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COMMON WEIGHTS AND MEASURES 


LINEAR OR MrASURE OF LENGTH 


12 inches = x foot. 3 feet = 1 yard. 
52 yards =1rod. 4orods = furlong. 
8 furlongs = 1 mile. 
EQUIVALENT MEASURES 


Inches Feet Yards Rods Furlongs Mile 


oA LE 
198 = 16.5 = 5.5 = I 
7920 = 660 = 220 = 40 = I 
63,300 =5280 =1700 = 320 = 8 = I 
Square’ MEASURE 
144 square inches = 1 sq. foot.. 30% square yards = 1 sq. rod 
9 square feet = 1 sq. yd. 160 square rods = I acre. 
640 acres = 1 sq. mile. 
I acre = 43,560 sq. ft. = 208.7 ft. on side. 
ro acres = 660 sq. ft. 
EQUIVALENT MEASURE 
oq: Mr. A.) Sq..Rd. Sq. Yd. Sq. Ft. Sq), int 
I =640=102,400=3,097,000= 27,878,400 = 4,014,489,600 
I= 160= 4480 = 43,500= 6,272,640 
Cupsic MraAsure 
1728 cubic inches = 1 cubic foot. 128 cubic feet = 1 cord. 
27 cubic feet = x1cubicyard. 24% cubic feet = 1 perch. 
r cu. yd. = 27 cu. ft. = 46,656\cu. in. 
Weicut—AvoiIrDUPoIs 
437.5 grains = 1 ounce. roo pounds = rx hundred weight. 
16 ounces = x pound. 2000 pounds = 1 ton. 
_ 2240 pounds = 1 long ton. 
1 ton = 20 cwt. = 2000 lbs. = 32,000 0Z. = 14,000,000 gr. 
Weicut = TRoy 
24 grains = I pennyweight. 20 pwt. = 1 ounce. 


12 ounces = r pound. 
t lb. = 12 oz. = 240 pwt. = 5760 gr. 
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Dry MEASURE 


2 pints = 1 quart. 8 quarts =1 peck. 
4 pecks = 1 bushel 
1 bu. = 4 pk. = 32 qt. = 64 pt. 
U.S. bushel = 2150.42 cu. in, British = 2218.19 cu. in. 


Liqguip MEASURE 


4gills = 1 pint. 4 quarts = 1 gallon. 
2 pints = 1 quart. 314 gallons = 1 barrel. 
2 barrels or 63 gals. = 1 hogshead. 
1 bhd, = 2 bbl. = 63 gals. = 252 qt. = 504 pt. = 2016 gi. 


The U. S. gallon contains 231 cu. in. = .134 cu. ft. 
One cubic foot = 7.481 gallons. 
One cubic foot weighs 62.425 Ibs. at 39.2 deg. Fahr. 
One gallon weighs 8.345 lbs. 
For rough calculations 1 cu. ft. is called 7i gallons and 1 gallon 
as 84 lbs. 
ANGLES OR ARCS 


60 seconds = 1 minute. go degrees = 1 rt. angle or quadrant. 
60 minutes =. 1 degree. 360 degrees = 1 circle. 
rcircle = 360° = 21,600’ = 1,296,000". . 
1 minute of arc on the earth’s surface is 1 nautical mile = 1.15 
times a land mile or 6080 feet. 


Weicut or A Cupic Foot or SUBSTANCES 


Average 
NAMES OF SUBSTANCES Weight, 

Lhs, 

Anthracite:s sexih a0 eave Aa aot ene Ces 4 oriole cic Sea 
cf rokenplOOse ..:j- co “tah pyar eee dene ys ee 54 
Ash, American white, dry....... 2.12 + sees ee snae sees 38 
Brass (Copper and Zinc), cast......5..250-+ see eee sees 504 
6" rolled: iin Menara ane ee cris ia hie aees orale cee ae 524 
Brick"best pressed hs. ge get hea peer miae ee eee 150 
Ce COMMMOR ALG Meee RE nna cen ine ote oe eS ae ae 125 
Brickwork, pressed brick.........-5-- esse see ees 140 
ad ODdINATY Ay sous a ola g lees ie en I12 
Cement, hydraulic, ground, loose, American, Rosendale... 04 
sf és “English, Portland....\.. go 
Cherry, dry... 0st 4 2. ahaa. Goes - "shania eo ieee 42 
Chestnut, dry.:....dal-srol.: «.cleiiog-obteu- eee 41 

Coal bituminous j=. ..90 G60. 95 -='. 2 H-GaGe 2 eaeee ss ae 
i tf broken; loose 4). 41s 02. ent aetana dara 
Coke, loose, of good coal...). 65 vie ih cee eee eee ae 27 
Copper, Casta ens: as. Se rcp arr GIN teresa pain ornare ae eee 542 
Mi BOWES essvae oles tetera ee ares ee ae 547 
BONY 9 ALY as am Mehepegs case genital eaten ee Ske eee ase 76 


MES Lana LT Ynt yoo cis «.» c/s bisuol er bysidlr ane eunxelane ekole Meter ea een 35 
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WeicuT oF A Cusic Foor or Susstances—Continued 


Average 
NAMES OF SUBSTANCES Weight, 
Lbs. 
Glacsncommanumindow sissies. Plu. Seems ne 157 
Goldwcasn puresor 24 carat... cy eo alt encienu 1204 
| SG pen UE Nes seer i/o) 3 «41. satln, SRomeguartler ste! cmnidve wbsnuiens ties 170 
_ Gravel, about the same as sand 
HET ay Ry Gali Me a A aS BE Sk 25 
EMCO CUE Rage © colle «tars jausharesg apsle Su lotini seen vere ustmoa ane 53 
ee en 5 1 oI OLE EP, 58.7 
J URC BES LA yas 6 gl eect i ASI 450 
CA me ROMP EM ANIOLS 2-6 5) cis. ute Saw als te ws wes Dl 480 
SecA eRe ae ee MI a aie le kay sla 9 ase tyteeteee 711 
LLAPTASWITL WMTEDS, Gl GIN a aR Re eo 83 
Lime, quick, ground, loose, or in small lumps............ 53 
LEN WeXSEt Coss ACIEIN Cord oS F-cae C any  g 168 
PMIGIIOR ANY SPaish, Amy Walle. occa ieee ete oye ooo 4 ceaele 53 
IU WENO, CHAU Se UR Nees le so 49 
Marbles, see Limestones. 
Masonry, of granite or limestone, well dressed............. 165 
MWMercunvarariges Pahrenhelit..).. 3. sce. sees vate neean 849 
STAM SES Re cB ul tt ihida aaa look alts eves, 4 eas weep Mots 183 
I PaO MUN NG ds oa stv. . Reavers ites suetclwimace maa 52 
BPR LOLMO DIAS AG 2M LANES oe ois wdey a ses mie opelan 32 to 45 
WBEEUT OC UME een ani Miele MEANS. To es aie, OUR 8 55 
PUMe mUELGR CNet nt nine icici ss ioc eh vie colnet ote tee 25 
SPY SUT INODEN CRI cn co. Pics soat eg. ye tba siniene me cateietaele 34 
x ) Southerni eile oad oo a a ase 45 
Hp ETTALITIA siehese.s) Shale outa. Ee, PON MERC cS Ck 1342 
PSU Oar mt Ma bcxayt nity cabysctrsvents ss ales snestoede ¢ie ue eee 69 
Pal COATSE; SV TAGUSE, IN. ML. ot i0.d ices Garse's ods AO REOE 45 
Sandiot-pure quartz,ydry,lodsesc. wennswbye oles 5. goto 106 
SAMSEONES Whe TOR DUGG). Oo se. hi iaise ie ha, dew, ne eetaae I51 
SSUNOGT.S 2g Sc oR aa ENA a AA 655 
BEE rox oie natty Siang MMI hae «ots w uses e cuns so eeer reo 175 
SPER OMOMY Att rin: a Ta atc Ae weal. aed Rta tir Aare ents 25 
RAM esky CN oi a's qs) SAiVirdhej ucile eS eRe ae ee aes 490 
Be SIRT AIR are SAI Uo (a Susy suicgnfs evcideitsne At Gaby ASdaewAaney atte kaa Ce 125 
SNA ERR EY evens ent ay i de eastewm percaays seceded lagers MaeUNeut ee 37 
PHASES ERY ele ts.ahs. ateblec steeds sbeie sara JowhtSataera Me Nee cad 459 
MAY eI PMLA GEA oo. oi sia oadlnyaists ese dias sla net se etgocnk b ous 38 
- Water, pure rain or distilled, at 60° Fahrenheit........... 62.48 
Md REAR UR Pte Ab TRE. jd cha tnipsin eV exe eeeh i posi ae lg whe sehaesoy aaa 64 
WWiax} Deest jis. Nehari. ts ean e aye dik ia 7th ful s Wicrare SUR bya tekinit 60.5 
POT OE CIM ape ea ie vip, Urey ae bis « ahead onined tee 437 


Green timbers usually weigh from one-fifth to one-half more than 
dry. . 
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THE METRIC SYSTEM 


The Metric System is based on the Meter which was designed to be one 
ten-millionth (ryo0b000) part of the earth’s meridian quadrant, through 
Dunkirk and Formentera. Later investigations, however, have shown that 
the Meter exceeds one ten-millionth part by almost one part in 6400. The 
value of the Meter, as authorized by the U. S. Government, is 39.37 inches. 
The Metric system was legalized by the U. S. Government in 1866. 

The three principal units are the Meter, the unit of length, the liter, the 
unit of capacity, and the gram, the unit of weight. Multiples of these are 
obtained by prefixing the Greek words: deka (ro), hekto (100), and kilo 
(1000). Divisions are obtained by prefixing the Latin words: deci (1). 
centi (r$5), and milli (rn). Abbreviations of the multiples begin with a 
apie letter, and of the divisions with a small letter, as in the following 
ables: 


MEASURES OF LENGTH 


ro millimeters (mm) .........5+eee eee =1 centimeter Be Mey cacti saree Are tt CiNs 
rorcentimoters Gecsle siete eres arenes == r decimeter| ).. ci hls site oye APA: 
TONGCCINOPLETS, c.ceis cu crese gti wie peje sink mL MOLD 26. vii oe 0e wie ol gees m. 
TO MOIS) wciteiaes wank sais Viaiaee eae © = x dekameter .......sqeacdern Voy, 
to dekameters . ccc cuseunedereesuape = z hektometer 2.0/2.4. 007% aNidstd @ rum. 
ro hektometers ......:0eseeeeeedeceee =.1 kilometer ....... ats ea iats ieee, 


Measures or SuRFACE (NoT LAND) 


roo square millimeters (mm*) ......... = 1 square centimeter ...... hala: « « CHOY 
roo square centimeters = zr square decimeter .....sssen¢> .dm?, 
100 square decimeters = 1 square meter ...........5 aes «ie ty 


MEASURES: OF VOLUME 


1000 cubic millimeters (mm) .....-... = x cubic centimeter 
rooo cubic centimeters ....... = 1 cubic decimeter ... 
rooo cubic decimeters ..... ni pleipistein ts .»= 1 cubic meter .... 


Measures OF CAPACITY 


ro milliliters (ml) x centiliter 


io centiliters ..... 0.00605 an x deciliter 

to deciliters) sic ccc cee enemers eens Z Viter  csieisore 
ireahMters s/o val crara atewrianrerere ie iajs(h/eraibianvgy x dekaliter 
PERC GLIKGRS.) faleteth let Geers ajaistaie <iayere’ sents = 1 hektoliter 


TOVHERtOMGerS: atin « teeletera cree views wie sisesh may: Kiloliter Wi Siioe Ree sera eo ene Ur atin ae 
Nore. — The liter is equal to the volume occupied by 1 cubic decimeter. 


Measures or WEIGHT 


ro milligrams (mg) .....+0+ eee eee eee = x centigram 

ro centigrams ....... 5 ..= 1 decigram 

TO GeCHQTaMS: oi vi eee tweets som gD GEEAINL, Nyt ype 
PONTE fas wcae> US oe x vat tenis = x dekagram .. 
LOMPM GRATIS osha ssc. je mutate att wn = 1 hektogram 

10 hektograms......... he's Ryd hth = 1 kilogram ..... 
tooo kilograms ...........45. Roca lanieery = YtOM cree 5 


Notre.—The gram is the weight of 1 cubic centimeter of pure distilled 
water at a temperature of 39.2°F., the kilogram is the weight of 1 liter of 
water; the ton is the weight of 1 cubic meter of water. 
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METRIC AND ENGLISH CONVERSION TABLE 


MEASURES OF LENGTH 


{ 39.37 inches. 
1 meter = 1 3.28083 feet. 
1.0936 yds. 1 foot = .3048 meter, 
1 centimeter = .3037 inch. . 

/ .03937 inch, or x inch = {2.54 centimeters, 
millimeter = } 1 25.4 millimeters. 
25 inch nearly. 

i kilometer = 0.62137 mile. 


MerasurES OF SURFACE 


__ (10.764 square feet. |x square yard = .$36 square meter. 
I square meter = { 1.196 square yds. x square foot = .o929 square meter. 
1 square centimeter = .155 sq. in. sap ack 6.452 sq. centimeters: 
r square millimeter = .oorss sq. in. Se Veachs sq. millimeters. 


MEASURES OF VOLUME AND CAPACITY 


35.314 cubic feet. 
x cubic meter = 1.308 cubic yards. 
264.2 gallons (231 
cubic inch). | x cubic yard = .7645 cubic meter. 
Moidenmicter = penobs cubic in. i ( .02832 cubic meter. 
& Cubic Gecknerer .0353 cubic ft. ,! 1 cubic ft.= {tag 337 cubic decimeters. 


1 cubic centimeter = .061 cubic inch. 28.317 liters. 


r cubic decimeter. x cubic inch = 16.387 cubic centimeters. 
61.023 cubic inches. 1 gallon (British) = 4.543 liters. 
ee .0353 cubic foot. 1 gallon (U. S.) = 3.785 liters. 
1 iter = 1.0567 quarts (U. S.) 


.2642 gallons (U. S.) 
2.202 lbs. of water at 62°F. 


MEASURES OF WEIGHT 


I gram = 15.432 grains. 1 grain = .0648 grams. 
1 kilogram = 2.2046 pounds. 1 ounce avoirdupois = 28.35 grams. 
.9842 ton of 2240 Ibs. | 1 pound = .4536 kilograms. f 
19.68 cwts. x ton of 2240 lbs. = hee metric tons. 


I metric ton = r 
2204.6 I|bs. 1016 kilograms. 


MISCELLANEOUS CONVERSION FAcTORS 


kilogram per meter = .6720 pound per foot. 

gram per square millimeter = 1.422 pounds per square inch. 

kilogram per square meter = 0.2048 pound per square foot. 

kilogram per cubic meter = .0624 pound per cubic foot. 

degree centigrade = 1.8 degree Fahrenheit. 

pound per foot = 1.488 kilograms per meter. 

pound per square foot = 4.882 kilograms per square meter. 

pound per cubic.foot = 16.02 kilograms per cubic meter. 

degree Fahrenheit = .5556 degrees Centigrade. 

Calorie French Thermal Unit) = 3.968 He le y (British Thermal Unit). 
* — J 33,000 foot-pounds per minute. 

1 Horse-power 746 Watts. 


1 Watt (Uni ‘ a { -00134 Horse-power. . 
att (Unit of Electrical Power) Bneaice ecotadsioanonenen 
1000 Watts. 


1 Kilowatt = Ss Horse-power. 
44240 foot-pounds per minute. 


RH HH RH HHH 
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EQUIVALENTS OF ComPOUND UNITS 


Symbols 


Metric Units 


American Equivalents 


gr./cm. 
kg./m. 
kg./km. 
kg./qcem. 
kg./ha. 
t./m.? 
kg./m.$ 
kg./hl. 
t./m.3 
kg./h.-p. 
kg./t. 
kgm./kg. 
kgm./qem. 


t./km. 
t._km. 


Gram per centimeter 
Kilogram per meter 
Kilogram per kilometer 


Kilogram per 
centimeter 
Kilogram per hectar 
Metric ton per square 
meter 


square 


Kilogram per cubic 
meter 

Kilogram per hectoliter 
Metric ton per cubic 


meter 


Kilogram per Continen- 
tal horsepower 


0.0055 pound per inch 
0.055 pound per inch 
3-54 pounds per mile 


14.22 pounds per square 
inch 

o.89 pound per acre 

0.102 short ton per 
square foot 


0.062 pound per cubic 
foot 
0.083 pounds per gallon 
62.4 pounds per cubic 
foot 


2.23 pounds per Amer- 
ican h.-p. 


Kilogram per metric ton] 2 pounds per short ton 


Kilogram-meter per 
kilogram 
Kilogram-meter per 


square centimeter 


Metric ton per kilometer 
Metric ton-kilometer 


3-28 foot-pounds per 
pound 
46.58 foot-pounds per 


square inch 


1.77 short tons per mile 
0.6849 short ton-mile 
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DEcIMAL EQUIVALENTS OF FRacTIONS OF MILLIMETERS. (AD- 
VANCING BY yj MM.) ; 


mm, Inches mm. Inches mm. Inches mm. Inches 
rhs = 00039 | 4%) = .01024 | Pip = 02008 | h¥y = .o2Q92 
160 = 00079 | roo = 01063 | Yoo = 02047 | roo = .03032 
reo = 00118 | z{o = -O1I02 too = 02087 fo = -03071 
téo = 00157 | yo = -O1T42 Py = 02126 | qo = 03110 
reo = 001907 | op = 01181 gos = 02165 00 = 03150 
tig = .00236| x45 = 01220 toy = .02205 tos = .03189 
1$0 = .00276 | 7% = .01260 yy = 02244 toy = 03228 
roo = -00315 top = .01299 Too = .02283 Too = .03268 
tb0 Sees: To9 meget 109 = 02325) | ies eaaey 
pos = 00394 | goo = 01378 | roo = 02362 | roo = 03346 
Poo = .00433 19) = .O1417 to = 02402 foo = .03386 
to's = 00472 | too = 01457 | xo = 02441 | Too = 03425 
tis = 00512 | zoo = 01496 | roy = 02480 | zoo = .03465 
io = 00551 00 = .01535 pity = 02520 fey = .03504 
106 = .00591 106 = 01575 | roo = ©2559 | too = 03543 
qofs = .00630 | yoy = 01614] shots = 02598 foo = 0358 
Pop = 00669 | yon = 01654 | xo'y = 02038 ies = pe 
reo = 00709 | yor = 01693 | xoo = 02677 | too = 03661 
Pos = 00748 | win = -01732 too = -02717 too = -03701 
fos = 00787 | vos = 01772 | Too = -02756 | Yoo = -03740 
Pes = .00827 | soy = .01811 qe = 02795 fs = 03780 
190 = .00866 too = .01850 100 = .02835 pg = .03819 
= 00906 too = 01890 100 = .02874 x00 = 03858 
ers i = .01929 | ois = 02913 | Yoo = 03898 
50 — -00984 Poo = -01969 | roo = -02953 I = .03937 
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DECIMAL EQUIVALENTS OF MIDLIMETERS AND FRACTIONS OF Miri1- 
METERS. (ADVANCING BY y49 MM. AND I MM.) 


mm. Inches mm. Inches | mm. Inches mm. Inches 
#2 = .03150| 31 = 1.22047 7I = 2.79527 
By = .00079 44 = .03228) 32 = 1.25984 72 = 2.83464 
¥y = 00157 | $$ = .03307| 33 = 1.20921 | 73 = 2.87401 
By = .00236 | $6 = 03386] 34 = 1.33858 | 74 = 2.91338 
x = .00315 i = .03465| 35 = 1.37795 75 = 2.95275 
Bo = 00394 | 4h. = .03543] 36 = 1.41732 | 76 = 2.99212 
Bo = 00472 $= .03022 | 37 = 1.45069 77 = 303149 
sip = 00551 #4 = .03701 | 38 = 1.49606 78 = 3.07086 
iy = 00030 | #5 =. 03780] 39 = 1.53543 | 79 = 3.11023 
Bo = -00709 $o = 03858] 40 = 1.57480 80 = 3.14960 
§ = 00787 | 1 = .03937| 41 = 1.61417 | 81 = 3.18897 
4 = .00866 | 2 = .07874| 42 = 1.65354 82 = 3.22834 
8 = .00945 | 3 = .118Ir| 43 = 1.6920r 83 = 3.26771 
i = 01024 | 4 = .15748| 44 = 1.73228 84 = 3.30708 
4§ = 01102 | 5 = 19685] 45 = 1.77165 85 = 3.34045 
$8 = .o1181 | 6 = .23622] 46 = 1.81102 86 = 3.38582 
$5 = 01260 | 7 = .27559| 47 = 1.85039 87 = 3.42519 
4% = 01339 | 8 = .31496] 48 = 1.88976 88 = 3.46456 
$6 = 01417 | 9 = .35433| 49 = 1-92913 | 89'= 3.50393 
$3 = .01496 |10 = .39370] 50 = 1.96850 9° = 3.54330 
$$ = .01575 | 11 = .43307| 51 = 2.00787 | ox = 3.58267 
$$ = 01654 | 12 = .47244| 52 = 2.04724 92 = 3.62204 
it = 01732 |13° = .5118r| 53 = 2.08661 03 = 3.66141 
4§ = .o181r |14 = .55118] 54 = 2.12508 94 = 3.70078 
$5 = .o1890 [15 = .59055| 55 = 2.16535 | 95 = 3.740K5 
#5 = 01969 |16 = .62992] 56 = 2.20472 96 = 3.77952 
if = 02047 |17 = .66929| 57 = 2.24409 97 = 3.81889 
6 = 02126 {18 = .70866] 58 = 2.28346 98 = 3.85826 
$5 = 02205 | 19 = 74803] 59 = 2.32283 99 = 3.89763 
Dee 
cad = 02283 20 = 78740 60 = 2.36220 100 = 3.93700 
Ht = 02362 |21 = .82677| 61 = 2.40157 
$4 = 02441 | 22 = .86614| 62 = 2.44004 ees ie. 
$% = 02520 | 23 = .gossr| 63 = 2.48031 ‘BS haan, 
$5 = 025908 |24 = .94488| 64 = 2.51968 PEE 
$$ = .02677 | 25 = .98425| 65 = 2.55905 SBA 
$5 = 02756 |26 = 1.02362] 66 = 2.59842 OSes Sn 
#4 = 02835 | 27 = 1.06299] 67 = 2.03779 | 4 tl 
$% = 02913 | 28 = 1.10236] 68 = 2.67716 dag 
$8 = 029092 |29 = 1.14173] 69 = 2.71653 F gE | 
Bo = 03071 | 30 = 1.18110] 70 = 2.75590 ree nte) 


) 
; 
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Fractions, Decimals and Millimeters 
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This will be found useful in comparing the millimeter with 
both the decimal and common fractions of an inch. 


FRACTIONS AND Drcimats oF INCH WiTH MILLmMreTER 


EQurIvVALENT 

Fraction| Decimal Milli- Fraction Decimal Milli- 
of Inch of Inch meters of Inch of Inch meters 
64 | 0.015625 0.3968 336 4 0.515625 | 13.0966 
442 | 0.03125 ©. 7937 1% | 0.53125 13.4934 
364 | 0.046875 1.1906 3564 0.546875 | 13.8903 
6 | 0.0625 1.5875 Ke 0.5625 14.2872 
564 | 0.078125 1.9843 376 4 0.578125 | 14.6841 
342 | 0.09375 2.3812 | 1939 | 0.59375 | 15.0809 
a | 0-109375 | 2-7780 | 3%4 | 0.609375 | 15.4778 
1g 0.125 3.1749 56 0.625 15.8747 
%4 | 0.140625 3.5718 Alé4 0.640625 | 16.2715 
549 | 0.15625 3.9686 2145 0.65625 16.6684 
1464 | 0.171875 | 4.3655 } 4364 | 0.671875 | 17.0653 
346 | 0.1875 4.7624 1lf6 0.6875 17.4621 
1364 | 0.203125 5.1592 4564 0.703125 | 17.8590 
Teo | 0.21875 5.5501 2346 0.71875 18.2559 
1564°| 0.234375 | 5.9530 | 4364 | 0.734375 | 18.6527 
Fae O25 6.3498 34 °.75 19.0496 
1764 | 0.265625 | 6.7467 | 4%4 | 0.765625 | 19.4465 
945 | 0.28125 7.1436 2545 0.78125 19.8433 
1964 | 0.296875 7.5404 5164 0.796875 20.2402 
546 | 0.3125 7.9373 13/6 0.8125 20.6371 
2164 | 0.328125 8.3342 5364 0.828125 21.0339 
14g5 | 0.34375 8.7310 2169 0.843750 | 21.4308 
*%a ©. 359375 o:n2rg ner 0.859375 | 21-8277 
0.375 9-524 8 0.875 22.2245 
16e4 ©. 390625 9.9216 5164 0.890625 | 22.6214 
1349 0.40625 10. 3185 2940 0.90625 23 .0183 
2464 | 0.421875 IO. 7154, 59% 4 0.921875 23.4151 
Ye | 9.4375 TT wb T22 1546 0.9375 23.8120 
2964 | 0.453125 | I1.5001 6164 ©.953125 | 24.2089 
1545 | 0.46875 11.9060 3145 0.96875 24.6057 
8164 | 0.484375 | 12.3020 6364 0.984375 | 25.0026 
aA (eo Miy 12.6997 | I ro: 25.3095 
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DeEcimmAL EQUIVALENTS OF FRACTIONS BELOW }” 


Fractional Parts of an Inch : 
Decimal Decimal 
Equivalents Equivalents 2 
6 7 8 | 12 | 14] 16 | 24] 28] 32] 64 
.015625 be «015625 
03125 a) B 03125 
035714 I 2035714 
.041067 I .041667 
.046875 a .046875 
20625 fe 2/4 0625 
071420 I 2 «071429 
078125 5 .078125 
083333 I 2 -083333 
00375 Bil6 09375 
-107143 3 107143 
-109375 7 +100375 
+125 Ir 2 3 4 8 125 
«140625 9 -140625 
142857 I 2 4 -142857 
-15625 5 | Io 15625 
-166666 I 2 4 -166666 
2171875 Ir -171875 
.178571 5 178571 
+1875 3 6 jax2 1875 
-203125 13 «203125 
208 333 5 +208333 
«214286 3 6 .214286 
-21875 14 -21875 
234375 15 1234375 
2 3 4 6 vi 8 | 16 125 
205625 -I7 -265625 
28125 9 | 18 .28125 
285714 2 4 8 .285714 
-291666 7 és -291666 
«200875 19 -296875 
3125 5 to | 20 +3125 
«321420 9 «321420 | 
~328125 2I «328125 
+333333 2 4 8 -333333 f 
-34375 rr | 22 -34375 
+357143 5 10 -357143 
-350375 23 +359375 
+375 3 6 | 9 12 | 24 +375 
+390625 25 390625 
+302857 P qI +302857 § 
-40625 13 | 26 «40625 G 
-41666 5 10 -41666 4 
+421875 27 «421875 4 
428571 3 6 12 -428571 | 
4375 7 14 | 28 +4375 q 
453125 29 +453125 4 
458333 II +458333 | 
464286 13 -464286 | 
46875 15 | 30 40875 | 
484375 3 48.4375 i 
5 3 Ai \)6 vf 8 | 12] 14] 16] 32 ‘ ‘ 
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DercmmaL EQUIVALENTS OF FRACTIONS BETWEEN }” AND 1” 


Fractional Parts of an Inch 


Decimal : Decimal 
Equivalents ‘ Equivalents 
6 Y) 8 | 12 | 14 | 16] 24] 28} 32} 64 
515625 33 515625 
«53125 17 | 34 +53125 
“535714 15 *535714 
-541666 13 .  +541666 
+546875 35 +540875 

~5625 9 18 | 36 +5625 
+571429 4 8 16 +571420 
578125 37 578125 
-583333 7 14 +583333 
+59375 19 | 38 +59375 
607143 17 -607143 
609375 39, -609375 
-625 5 Io | 15 20 | 40 .625 
640625 % AL -640625 
-642867 9 18 .642867 
-65625 a1 | 42 -65625 
-666666 4 8 16 -666666 
671875 43 -671875 
-678571 19 -678571 
6875 It 22 | 44 -6875 
+703125 45 +703125 
+708333 17 -708333 
-714286 5 Io 20 -714286 
+71875 23 | 46 +71875 
-734375 47 734375 
7s 6 9 12 | 18| 21 | 24} 48 J 
-705625 49 -765625 
+7825 25 | 50 «78125 
+785714 Ir ' 22 -785714 
-791666 19 -791666 
+796875 5r 790875 
8125 13 26 | 52 8125 

i .821429 23 .821420 
828125 53 828125 
833333 5 10 20 833333 
84375 27 | 54 84375 
-857143 6 12 24 857143 
850375 55 850375 

75 7 14 | 2r 28 | 56 75 

.890625 57 890625 
-892857 25 892857 
-90625 290 | 58 .90625 
-916666 It 22 .916666 
921875 59 -921875 
-928571 13 26 .928571 
9375 15 30 | 60 +9375 
053125 61 953125 
958333 ’ 23 -058333 
-964286 , 2m .964286 
.06875 . 31 | 62 -96875 
984375 63 -984375 
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WATER CONVERSION FACTORS 
U.S. gallons Ke Bigg) = pounds. 
5 U. S. gallons X 0.13368 = cubic feet. 
U. S. gallons X 231 = cubic inches. 
U. S. gallons K 0.83: = English gallons 
U. S. gallons > a ty 1-3 = liters. 
English gallons (Imperial) <i tO = pounds. 
English gallons (Imperial) x Oiz6 = cubic feet. 
English gallons (Imperial) X 277.274 = cubic inches. 
English gallons (Imperial) D4 ae er} = U. S. gallons. 
English gallons (Imperial) XX) 4.537 | = liters. 
Cubic inches of water (39.1°) X 0.036125 = pounds. 
Cubic inches of water (39.1°) X 0.004329 = U.S. gallons. 
Cubic inches of water (39.1°) X 0.003607 = English gallons. 
Cubic inches of water (39.1°) X 0.576384 = ounces. 
Cubic feet (of water) (39.1°) XX 62.425 = pounds. 
Cubic feet (of water) (39.1°) X 7.48 = U.S. gallons. 
Cubic feet (of water) (39.1°) XK 6.232 = English gallons. 
Cubic feet (of water) (39.1°) XK 0.028 = tons. 
Pounds of water X 27.72 = cubic inches. 
Pounds of water X 0.01602 = cubic feet. 
Pounds of water io.02 = U.S. gallons. 
Pounds of water X o.10 = English gallons. 
CONVENIENT MULTIPLIERS 
Inches X 0.08333 = feet. Sq. inches X 0.00695 = Sq. feet. 
Inches X 0.02778 = yards, Sq. inches XX 0.0007716 = Sq. yards. 
Inches X 0.00001578 = miles, Cu. inches XX 0.00058 = Cu. feet. 
Cu. inches X 0.0000214 = Cu. yards 
Feet x 0.33 = yards. Sq. feet xX 144 = Sq. inches. 
Feet 4 i eb = miles. Sq. feet x o.1112. = Sq. yards. 
Yards x 36 = inches. Cu. feet X 1728 = Cu. inches. 
Yards ae = feet. Cu. feet x a 03704 = Cu. yards. 
Yards X 0.0005681 = miles. Sq. yards X1 = Sq. in 
Miles X 63360 = inches. Sq. yards X 9 = Sq. feet. 
Miles X 5280 = feet. Cu. yards X 46656 = Cu. inches. 
Miles X 1760 = yards, Cu. yards X 27 = Cu. feet. 
Avoir. oz. X 0.0625 = pounds. Avoir. Ibs. X 0.0005 = tons, 
Avoir. 0z. X 0.00003125 = tons. Avoir. tons X 32000 = ounces. 
Avoir. lbs. X 16 = ounces, Ayvoir. tons X 2000 = pounds. 
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TABLE OF PRIME-NUMBER FRACTIONS 


Tue table shows decimal equivalents of common fractions having 
prime numbers for both numerator and denominator. As an 
example, suppose it is required to find the thread angle of a worm. 
«Number threads : 
Diametral pitch X pitch diameter 

Find the angle of a worm 7 diametral pitch, 5 threads, 2-inch 
P. diameter: 


Tangent thread angle = 


Tangent angle = § X 4 
Then from table 
0.71 
§ = 0.7143 and Ais = 0.35715 
which is the tangent for r9 degrees 21 minutes, nearly. 


Prime NuMBER FRACTIONS AND THEIR DECIMAL EQUIVALENTS 
Denominators (Prime Numbers Only) 


97 | 80 | 83 | 79 | 73 | 7 | 67 | 6t | So | 53 |*47 | 43 


1}.0103!.0rr2|.0r20].0126| .0137| .oT4I] .0149| .0164| .o169] .0189) .0213].0233 
3|.0300 .0337|.0361|.0380] .o4rt| .9423] .0448] .0492| .0508| .0566] .0638).0608 
5|.0515|.0562|.0602|.0633| .0685| .0704 .0746] .0820] .0847] .0943] .1064}.1163 
7|.0722|.0787|.0843].0886] .0059 .0986| .1045] .1148| .1186] .1321] .1480|.1628 
11|.1134|.1236].1325]-1302| -1507| -1549 -1642| .1803] .1864] .2075] .2240].2558 
13]-1340|.1461|.1566].1646) .1781 -I831| .1940] .2131| .2203] .2453| .2766).3023 
17|-1753)|.I91O0|.2048|.2152| .2320| -2394| -2537 -2787| .2881| .3208] .3617|.3053 
19|.1950|.2135|-2280|.2405 .2603| .2076| .2836] .3115] .3220] .3585| .4043].4410 
23|.237%|.2584|.2771|-2011| .315X| -3209] -3433] -3770] -3898) .4340) .4804).5340 
20|.2090|.3258|-3494|-3071| -3073| -4085] -4328| .4754) -4015| .5472] .0170).0744 
31|.3106|.3483|.3735|-3924| -4247| -4300| .4627] .5082| .5254| .5840| .6506).7209 
37|.3814|.4157|-4458 4084] .5008| .5211| .5522| .6066] .6271] .698r] .7872].8605 
41|.4227|.4607].4940].5190 .5616| .5775| .0119| .6721] .6949] .7736| .8723|.0535 
43|:4433|-4831|-5181].5443 +5890) .6056| .6418] .7049| .7288] .8113] .9140 
47|.4845|.5281|.5663|.5940 0438) .6620] .7015] .7705| 7966] .8868 
53|-5404|.5955|-0380|.6700 .7260| .7465| .7910| .8689] .8983 

50|.6082|.6629].7108].7468 .8082| .8310| .8806] .9672 
61|.6289'.6854| 7349|-7722 .8356| .8502] .9104 

67|.6907|.7528|.8072).8481 -9178] .0437 
71|.7320| 7978|-8554|.8087| .9726 
73)-7526'.8202|.8795|-9241 
79|.8144|.8876|.9518 


Numerators (Prime Numbers only) 


89].0175 


Denominators (Prime Numbers Only) 


Ayatisy ti gt |; 20 || 23 seta) 27.1, 23) | or) irae Ss Uiees 


| 


.0244|.0270) .0323|-0345| -0435 0526] .0588] .0769] .0909] .1429] .2000] .3333 
,0732|.0811|:0968}.1034| .1304] .1579 .1765| .2308| .2727| .4286| .6000 
“4220|.1351|.1613|.1724| .2174| .2032| -2941| .3846] .4545] -7143 
.1707|.1892|.2258|-2414] .3043| .3684] .4118 -5385| -6364 
.2683|-2073|-3458|-3793| -4783| .57890] .0471| .846< 

.3171|.3514|.4104|.4483] 5652] 6842] .7647 

.4146|.4595|-5484|.5862) 7301] .8047 


oe eae nie ee ah Only those common fractions having prime 
70731-7838 19355 numbers for both the numerator and denom- 
i 4 : inator are givenin table. Others can be found 


eee 8778 by simple multiplication or division. 


Numerators (Prime 
Numbers only) 
SHOW ONW HNO 


WWHDHH HH 
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DecimaL EQUIVALENTS OF FRACTIONS AND NEAREST EQUIVALENT 


64THS 
Near- Near- Near- 
Fr. Decimal est Fr. Decimal est Fr. Decimal est 
64th 64th 64th 
a 0.0313 = i 
or 0.0323 i 0.1333 ‘7 27 0.2503 
oy 0.0333 oy 0.1364 2s 0.2609 
#9 0.0345 | az as 0.1379 19 0.2632 
gs | 0.0357 L 0.1429 | e | 45 | 02067 44 
27 | 0.0370 gy | 0.1481 zs | 0.2692 
ds | 0.0385 #5 | 0.1500 Tr | Oa gegns sa 
L | 0.0400 Vs 0.1538 ze | 0.2759 
ge | 0.0417 gz_| 0.1563 | ge ts Saige 
ts | 0.0435 vs | 0.1579 Be ae alee 
tr | 0.0455 zs | 0.1600 | * & 
Hr | 0.0476 | # | 5 | 0.1613 sam acs cs | 2 
zo 0.0500 4 0.1667 $i | 0.2003 
ys | 0.0526 Ps | 0.1724 | 4b 2a 0.2917 
qs 0.0556 as 0.1739 17 0.2041 7 
yy 0.0589 ty 0.1765 27 0.2963 $i 
qs | 0.0025 | rs | os | 0.1785 Io | 9-3000 
2 Sper y eae 0.3043 
#r | 0.0645 yr | 0.1818 25 Je 
ys | 0.0067 a7 | 0.1852 Ts..| O-3907 
#5 | 0.0690 fe_| 0.1875 | fs | ao | 0.3103 
pr | 0.0714 #r | 0.1905 _ts_| 9.3125 | Ys 
#, | 0.0740 vs | 0.1923 to | 0.3158 
ts 0.0769 | er Br 0.1935 ox 0.3182 
ts | 0.0800 4 | 0.2000 | $$ | 25 | 0.3200 
ts 0.0833 So 0.2069 ae 0.3214 
xs | 0.0870 ee | 0.2083 $i | 0.3226 | 34 7 
Ur 0.0909 ° ts 0.2105 z 9.3333 
zz | 20-0038 | sz | 3 | 0.2143 a2_| 0.3438 | 34 
zr | 0.0952 ds | 0.2174 |) 1/48 1) e.gaas i 
$r 0.0968 x2 0.2188 sz as 0.3462 
ts | 0.1000 2 | 0.2222 gs | 0.3478 
as 0.1034 ar 0.2258 zo 0.3500 
te oe ts sees TT 0.3529 
25 Cale ; a5 0.230 ! at 0.3548 
en Sf | so | 02333 | 8f | ae | 0.3571 
ag | O-nS4 ty | 0.2353 as | 0.3600. | 2 
7 0.1176 2r 0.2381 tt 0.3636 
gs | 0.1200 zs | 0.2400 $0. | 0.3667 
t o.1250 | + gy | 02414 ; ys | 0.3684 
ot 0.1290 z 0.2500 rs 47 0.3704 
#s | 0.1304 gr | 0.2580 % 0.3750 $ 
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Decrmmat EQuIvALENTS oF FRACTIONS AND NEAREST EQUIVALENT 


64THS 
Near- Near- Near- 
Fr. Decimal est Fr. | Decimal est Fr. | Decimal est 
64th 64th 64th 
ay | 0.3793 | # i 0.5161 | $$ | 4t | 0.6296 | § 
gr | 0.3810 & | 0.5172 t% | 0.6316 
ty | 0.3846 a7) sees 4% | 0.6333 
+4 | 0.3871 45 | 0:5200 tr | 0.6364 
i; | 0.3889 ae 0.5217 48 0.6400 44 
9 5 11 
2 0.3913 es OT 0.5238 Tr 0.6429 
ii 0.3929 i3 0.5263 $t 0.6452 
2 | 0.4000 Tl acres 1+ | 0.6471 
£3_| 0.4063 | #3 —ih_| 9-5313 | $£ | 48 | 0.6500 
8 
0.4074 Ts | 29-5333 43 | 0.6522 
0.4091 oe | 0.5357 44 | 0.6538 
yy | 0.4118 qs | 0.5385 a5 0.6552 
12 | 0.4138 4% | 0.5417 $2 _| 0.6563 |_ 4% 
vz | 0.4167 it 0.5455 | $f | # | 0.6667 | @$ 
+4 | 0.4104 a 045484 21 | 0.6774 
3 Oige2tr, | 4z | 29 0.5500 42 | 0.6786 
ii 0.4231 BO 4) VO:SSE7 7 Th 4£ | 0.6800 
% | 0.4286 hs oe H begs 
0.4333 5 0.5000 5 0.6842 
if 0.4348 _te | 9:5625 | vs | +4] 0.6875 | 
ys | 0.4375 | 1s i 0.5652 70) 06,6897 
0.4400 g 0.5667 vs | 0.6923 
§ | 04444 4 | 0.5714 18 | 0.6987 
23 | 0.4483 ze | 0.5769 qs | 0.7000 
Zr | 0.4500 th | 0.5789 | $f | 4% | 0.7037 | 
0.4516 | #% a1 | 0.5806 44 | 0.7059 
0.4545 tz | 0.5833 2% | 0.7083 
i | 0.4583 3b | 0.5862 |_| $$ | 0.7007 
0.4615 +f 0.5882 $ | 0.7143 
0.4642 2% | 9.5909 $3 | 0.7188 | $F 
ts | 0.4667 oy 0.5926 a 0.7200 
4% | 0.4688 | 33 4s | 0:5938 | 48 a3 0.7222 
“Fr | 0.4706 Fb geoe 43 | 0.7241 
Yo | 9.4737 HF | o6o7t | | a | 0.7273 
42 | 0.4762 ° ze | 06087 | $F | 43 | 0.7308 
41 | 0.4783 | 4 0.611 44 | 0.7333 | 43 
4¢# | 0.4800 34 | 90-6129 14 0.7368 
45 | 0.4815 ts | 0-6154-| | 4% |. .0.7301 
t 0.4828 | 4 | 4% | 0.6190 $3 | 0.7407 
4% | 0.4839 43 0.6207 2% | 0.7419 
# | 0.5000 $ iW 0.6250 g A 0.7500 | ¥ 
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DerciMaL EQUIVALENTS OF FRACTIONS AND NEAREST EQUIVALENT 


64THS 
Near- Near- Nea: 
Fr. Decimal est Fr. Decimal est Fr. Decimal est 
64th 64th 64tl 
$5 | 0.7586 $4 | 0.8387 tt | 0.9167 
33 0.7600 $h 0.8400 a3 0.9200 
$f | 0.7619 48 | 0.8421 42 | 0.9231 be 
ti | 0.7647 | 8 |_ 34} 0.8438 | #2 || 3% | o.0259 
$5 | 0.7667 42°] 0.8462 tt | 0.9286 
ts | 0.7692 47 | 6.8500 $£ | 0.9310 
4% | 0.7727 |__|] 28 | 0.8519 13 | 9.9333 
$i | 0.7742 § | o8s7r |’ 85) || 44) |oceosbs) 
3 | 0.7778 25 | 0.8621 7k_| 0.9375 | 78 
$3 0.7813 $3 || 43 | 0.8636 +4 | 0.9412 
$3 | 0.7826 +2 | 0.8667 +f 0.0444 
TZ | 0.7857 33 | 0.8696 Ts | 0.0474 
+3 0.7895 2h 0.8710 43 0.9500 
44 | 0.7917 $ | 08750 | $ || 3% | 00524 | g4 
45 | 0.7931 | $1 [ZF] 0.8800 $2 | 9.0545 
$ 0.8000 1? 0.8824 3 0.9565 
$f | 0.8065 23 | (6.8846 ./— || 34 | 90-0583 
$3 | 0.8077 & | 0.8889 43. |.0.0000 | _ 
at 0.8095 $3 0.8929 gz || 28 0.9615 
té | 0.8125 i) 42 | 0.8047 a 0.9630 
22) 0.8148 28 | 08966 ag 0.9643 
fr | 0.8182 tx | 0.9000 |——] 39 0.9655 
38 | 0.824 28 | 0.9032 0 0.9667 
14 19 8 30 0.9678 
t7 | 0.8235 zr | 0-904 $1 688 
43 | 0.8261 23 | 0.9063 ag [2 0.9 3 
$4 | 0.8276 BE || 42 | o.9092 2 || 3% 1.0000 
& 0.8334. 33 | 0.9130 
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MQUIVALENTS OF INCHES AND FRACTIONS OF INCHES IN DECIMALS 


or A Foor 

a 
Tn. o In. 1 In. 2 In. 3 In, 4 In. 5 In. 
0833 1667 +2500 +3333 4167 
3x} .0026 0859 1693 +2520 +3359 4193 
0052 0885 1719 +2552 3385 -4219 
gx| 0078 OIL 1745 2578 +3411 +4245 
$| .o104 0938 1771 2604 3438 4271 
g$z|  -0130 0964 1797 .2630 23404 4207 
zs|  .0156 £0990 1823 2656 +3490 4323 
ga} 0182 -1016 1849 2082 3516 4349 
4] .0208 +1042 1875 2708 +3542 4375 
vs| 0234 1068 IQOI 2734 +3568 4401 
zs|  .0260 +1094 1927 2760 +3594 4427 
44| 0286 +1120 1953 2786 +3620 4453 
#| 0313 1146 1979 2813 3646 4479 
43|  .0339 1172 2005 2839 +3672 4505 
qs| 0305 1198 2031 2805 3698 4531 
$3| .0391 1224 2057 2891 3724 4557 
4] 0417 1253 2083 2017 3750 4583 
$4) 0443 -1276 2091 2943 -3776 4609 
ys| .0469 «1302 2135 2969 3802 4635 
$2) 0495 1328 2161 +2995 3828 4661 
RB] .o52r +1354 2188 +3021 +3854 4688 
0547 +1380 2214 +3047 +3880 4714 
4.0573 1406 2240 +3073 +3906 4740 
$3! 05909 +1432 2266 +3099 +3932 4766 
#|) 0625 1458 2292 +3125 +3958 4792 
$| 0651 1484 2318 3151 3984. 4818 
&| 0677 +1510 2344 3177 «4010 4844 
$4| 0703 +1536 2370 «3203 4036 4870 
%| 0729 +1563 2396 +3229 4063 4896 
$3) 0755 1589 2422 +3255 4089 4922 
48) 0781 1615 2448 +3281 4115 4948 
$4! .0807 +1641 2474 +3307 4141 4974 
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EQUIVALENTS OF INCHES AND FRACTIONS oF INCHES IN DECIMALS 


or A Foor 
In. 6 In 7 In 8 In. 9 In to In. 1 In 
5000 5833 6667 +7500 8333 9167 
gz] +5026 5859 6693 -7526 8359 9193 
5} 5052 5885 6719 7552 8385 9219 
es 5078 Sort 6745 -7578 8411 9245 
%] 5104 5938 6771 +7604 8438 9271 
¥2| +5130 5904 6797 +7630 8464 9297 
ts} 5156 599° 6823 -7656 8490 9323 
go| 5182 6016 6849 -7082 8516 9349 
4} 5208 6042 6875 7708 8542 9375 
a2| 5234 6068 6901 7734 8568 9401 
Ts| +5260 6094 6927 “7760 8504 9427 
44) 5286 6120 6953 7786 8620 9453 
8] -5313 6146 6979 +7813 8646 9479 
$3] +5339 6172 7005 -7839 8672 9505 
Ts| 5305 6198 7031 +7865 3698 9531 
$2) +5392 6224 7957 +7891 8724 9557 
4] 5437 6250 7083 “7917 8750 9583 
$3| 5443 6276 7109 7943 8776 9609 
Te} +5469 6302 7135 “7969 8802 9635 
43) 25495 6328 7161 7995 8828 9661 
§ 5521 6354 +7188 8021 8854 9688 
$2) 5547 6380 “7214 8047 8880 9714 
4$| 5573 6406 -7240 8073 8906 9749 
$i)  -5599 6432 +7206 8099 8932 9766 
2) 5625 6458 7292 8125 8958 9792 
$3) 5651 6484 7318 8151 8984. 9818 
té| 5677 6510 7344 8177 gO1O 9844 
$4| 5703 6536 737° 8203 9036 9870 
4] 5729 6563 7396 8229 9063 9896 
3) +5755 6589 7422 8255 9089 9922 
2) 6781 6615 7448 8281 QII5 9948 
$2| -5807 6641 “7474 8307 Q14I 9974 


a 
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DeEcIMAL EQUIVALENTS OF FRACTIONS OF AN INcH. (ADVANCING 
BY 8THS, 16THS, 32NDS AND 64THS.) 


ay =] 


pra 3ends 64ths 64ths 
& = 125 gy = 03125 ga = 015625 S$ = 1515625 
+ = .250 sx = 09375 | vr = 040875 | 8 = -540875 
} = 375 gx = -15625 ee = 078125 ot = 578125 
y = .500 gz — -21875 Be = -109375 | g2\= -609375 
Pera hm 285.) es. | ee 
= 50 32 = 34375 o£ = 171075 = O71 
& = 875 33 = 4005 $e = .203125 i = 6703125 
gz — -40075 et — -234375 = -734375 
r6ths. 
ts = 0625 | $$ = 53125 | $$ = 265625 | #2 = -765625 
- ts = -1875 43 = 59375 | 42% = 290875 | 84 = -790875 
$g = +3125 2h = 65625 Zi = .328125 go = 828125 
= “4375 H F 73875 i = get u 73 pee 
= .5625 = .78125 = .39062 4 = 89062 
44 = 6875 | $4 = 84375 | $4 = 421875 |e = -921875 
4% = 8125 | $$ = 90625 4 BF = -453125 i" = 953125 
ti = 9375 | 3% = 96875 || 82 = -484375 = .984375 


DecimaL EQUIVALENTS OF FRACTIONS OF AN INcH. (ADVANCING 


BY 64THS.) 
ge = 015625 | 44 = .265625 4 =n E5025 4% = .765625 
gy = .03125 oy = .28125 $3 = 353125 3 = .78125 
#z = 046875 | 4% = .296875 | $2 = 540875 | 84 = -796875 
ps = .0625 ys = -3125 fs = 5625 43 = 8125 
@e = 078125 | #4 = 328125. | $4 = 578125 | $4 = 828125 
Bz = 09375 | 42 = -34375 iat cosas $2 7 S4ar9 
ez = 109375 | 24 = -359375 | &% = 609375 | &¢ = -859375 
$ = -125 $ = .375 § = .625 § = 875 
ex = -140625 | 22 = .390625 41 = .640625 BE = 890625 
Fe = 15625 | 43 = 40625 $2 = gOS Gas $2 = 90625 
$k = 171875 |< £5 = 421875 | $4 = 671875 | 8 = 921875 
ts = -1875 1s = 4375 te = -6875 té = .9375 
44 = .203125 | 23 = 453125 | #4 = -703125 | $4 = .953125 
gz = -21875 | 42 = -40875 $3 = -71875 32 = 90875 
44 = .234375 | 84 = 484375 | #£ = -734375 | 84 = 984375 
poms 25 4 = .50 pean 
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704 GENERAL REFERENCE TABLES 


DeEcIMAL EQUIVALENTS, SQUARES, SQUARE Roots, CUBES AND 
CuseE Roots, or FRACTIONS; CIRCUMFERENCES AND AREAS OF 


CIRCLES FROM ¢ TO I INCH 


| Dec. Sa. Cube |Circum.| Ar 
gf Beane Square Root Cube Root Circle. Circle 
Bx | 015625} .000244 | .1250 000003815 .2500 | .04909|.coo192 
gx | 03125 | .0009765 | .1768 | .c0003052 | .3150 | .09818].000767 
@z | 046875 | .002197 | .2165 | .coo103 3606 | .1473 |.001726 
zs | 0625 003906 | .2500 | .0002442 | .3968 | .1963 |.003068 
ez | 078125 | .co6104 | .2795 | .0004768 | .4275 | .2455 |.004794 
$z | 09375 | .008789 | .3062 | .coo8240 | .4543 | .2945 |.006903 
Ba | 109375 | .o1196 +3307 | .001308 .4782 | .3436 |.009396 
% |.1250 | .01563 +3535 | 001953 5000 | .3927 |.01228 
x | 140625 | .o1978 +3750 | .002781 -5200 | .4438 |.01553 
35 | -15625 | .02441 3953 | .003815 -5386 | .4909 |.01916 
44 | .171875 | .02954 4161 | 005078 +5500 | .5400 |.02321 
zs | -1875 03516 4330 | .006592 -5724 | .5890 |.02761 
4$ | .203125| .04126 -4507 | 008381 5878 | .6381 |.03241 
ls | 21875 | .04786 4077 | 01047 6025 | .6872 |.03758 
2 | .234375| .05493 4841 | .01287 -6166 | .7363 |.04314 
4 | 2500 | .0625 «5000 | .o1562 6300 | .7854 |.04909 
44 | 265625] .07056 5154 | .01874 6428 | .8345 |.0554r 
3, | .28125 | .o7910 +5303 | .02225 6552 | .8836 |.06213 
4} | 296875 | .08813 -5449 | .02616 6671 | .9327 |.06922 
ts | 3125 | .09766 | .5590 | .o3052 6786 | .9817 |.07670 
# | .328225)| .1077 5728 | .03533 6897 |1.031 |.08456 
44 | .34375 | .r182 +5863 | .04062 +7005 |1.080 |.0928r 
#4 | .359375| -12913 5995 | .04641 7110 [1.129 |.1014 
# | .3750 | .1406 6124 | 05273 7211 |I.178 |.r104 
#2 | 390625 | .1526 6250 | .05960 +7310 |1.227 |.1226 
$3 | -40625 | .r650 -6374 | .06705 7406 |1.276 |.1296 
#4 | 421875] .17800 | .6495 | .07508 7500 |1.325 |.1398 
zs | -4375 | -1914 6614 | .08374 +7592 |1-374 |-1503 
# | .453125| .2053 6732 | .09304 -768r |1.424 |.1613 
43 | 46875 | .2197 6847 | .1030 -7768 |1.473 |.1726 
i -484375 | .2346 6960 | .1136 +7853 |1.522 |.1843 
4 | .5000 | .2500 +7071 | .1250 +7937 |I-571 |.1963 


SQUARES AND CUBES 765 


YECIMAL EQUIVALENTS, SQUARES, SQUARE Roots, CuBEs, CUBE 
Roots or FRACTIONS; CIRCUMFERENCES AND AREAS OF CrrR- 
CLES FROM ¢z TO I INCH 


‘rac-| D Sq- Cube Ci 3 Ar 
tion | Equiv. | Savare | Roce Cube Root “tire 1 Cirele 
88 | .515625| .2659 | .718r 1371 | .80r9 | 1.620 -2088 
53125 | .2822 7280 -1499 8099 | 1.669, +2217 
2 | 546875] .29091 | -7395 1636 | .8178 | 1.718 +2349 
zs | 5025 3164 7500 1780 | .8255 | 1.767 +2485 
i 578125] .3342 | 7603 1932 | .8331 | 1.816 2625 
59375 | 3525 -7706 2093 | .8405 | 1.865 2769 
$2 | .609375| -3713 -7806 2263 | .8478 | 1.914 2916 
8% | .6250 3906 | .7906 2441 | .8550 | 1.963 3068 


2629 | 8621 | 2.013 +3223 
65625 | .4307 | .81or .2826 | .8690 | 2.062 +3382 


-671875| .4514 | .8197 30837 | eorso | serie +3545 
6875 4727 | 8292 3250 | .8826 | 2.160 +3712 


oplco! Nees 
fon 
& 
ie} 
On 
n 
n 
a 
Lal 
fe} 
as 
oo 
le) 
e) 
Bs 


45 | .703125| .4944 | .8385 3476 | .8892 | 2.209 3883 
$$ | 71875 | 5166 | .8478 +3713 | -8958 | 2.268 4057 
#£ | -734375| -5393 | -8569 | .3961 | .9022 | 2.307 | 4236 
2 | .7500 5025 8660 4219 | .9086 | 2.356 4418 
42 | 765625] .5862 | .8750 4488 | .9148 | 2.405 4004 
$3 | .78125 | .6104 8839 4708 | .9210 | 2.454 4794 
u -796875| 6350 | .8927 +5060 | .927I | 2.503 4987 
8125 6602 .QOl4 25304. | 9332 | 2.553 5185 
828125| .6858 | .groo +5679 | .9391 | 2.602 -5 386 
84375 | -7119 | .9186 .6007 | .9449 | 2.652 5592 

= | 859375| -7385 | -9270 | -6347 | .9507 | 2.700 | .58or 
$ | 8750 | .7656| .9354 | -6699 | .9565 | 2-749 | 6013 
$7 | 890625] .7932 | .0437 +7064 | .962r | 2.798 6230 
23 | .90625 | 8213 9520 +7443 .9677 | 2.847 6450 
3% | .921875| 8499 | .g6or +7835 9732 | 2.896 6675 
42 | 9375 8789 | .9682 8240 | .9787 | 2.945 6903 
$4 | 953125] .9084 | .0763 | 8659 | .984r | 2.904 | +7135 
$4 | 96875 | .9385 | 9843 | 9091 | .9805 | 3.043 | +7371 
84 | 984375| 9690 | 9922 | 9539 | 9948 | 3.0903 | «7610 
I I I rf, I if 3-1416 | .7854 
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SQUARES, CUBES, SQUARE AND CuBE Roots or NUMBERS FROM 


I TO 1000 

Sq. |- Cube Sq. | Cube 

No.| Square} Cube | poce | Root || No |Savare| Cube Root. | Root 
I I xr | I.0000} 1.0000 51 | 2601 132651 | 7.1414] 3.7084 

2 4 8 | 1.4142] 1.2590 || 52 | 2704 140608 | 7.2111] 3.7325 

3 9 27 | 1.7321) 1.4422 53 | 2809 148877 | 7.280%] 3.7563 

4 16 64 | 2.0000] 1.5874 || 54 | 2016 | 157464 | 7.3485] 3-7708 

5 25 125 | 2.2361] 1.7100 |} 55 | 3025 166375 | 7.4162] 3.8030 

6 30 210 | 2.4495| 1.8171 56 | 3136 175016 | 7.4833 3.8259 

7 49 343 | 2.6458] 1.9129 || 57 | 3249 185103 | 7-5408| 3.8485 

8 64 512 | 2.8284] 2.0000 58 | 3304 ro5112 | 7.6158] 3.8700 

9 81 729 | 3.0000] 2.0801 50 | 3484 205379 | 7.6811] 3.8930 

10 100 1000 | 3.1623} 2.1544 || 60 | 3600 216000 | 7.7460] 3.9149 
Ir 12t 1331 | 3.3166] 2.2240 || 6 | 3721 226081 | 7.8102} 3.0365 
12 144 1728 | 3.4641] 2.2804 || 62 | 3844 238328 | 7.8740] 3.0579 
13 | 169 2197 | 3.0056] 2.3513 || 63 | 3969 | 250047 | 7.0373) 3-970% 
14 196 2744 | 3-7417| 2.410% 64 | 4006 262144 | 8.0000] 4.0000 
15 225 3375 | 3.8730| 2.4662 65 | 4225 274625 | 8.0623] 4.0207 
16 256 4096 | 4.0000] 2.5198 || 66 | 4356 287490 | 8.1240] 4.0412 
17 289 4913 | 4.1231] 2.5713 67 | 4480 300763 | 8.1854) 4.0015 
18 324 5832 | 4.2426] 2.6207 68 | 4624 314432 | 8.2462] 4.0827 
19 361 6850 | 4.3580| 2.6684 69 | 4761 328509 | 8.3066] 4.1016 
20 | 400 8000 | 4.4721] 2.7144 || 70 | 4900 343000 | 8.3666] 4.1213 
21 441 926x | 4.5826] 2.7589 71 | 5041 357911 | 8.4261} 4.1408 


22 484 10648 | 4.6904] 2.8020 72 | 5184 373248 | 8.4853] 4.1602 
23.) 529 12167 | 4.7958] 2-8430 || 73 | 5329 | 380017 | 8.5440) 4.1793 
24) 576 13824 | 4.8990] 2.8845 || 74 | 5476 | 405224 | 8.6023) 4.1083 
25 | 625 15625 | 5.0000] 2.9240 || 75 | 5625 421875 | 8.6603) 4.2172 
26 | 676 17576 | 5.0990] 2.0625 || 76 | 5776 438076 | 8.7178] 4.2358 
27 | 729 19683 | 5.1962} 3.0000 || 77 | 5920 450533 | 8.7750] 4.2543 
28 784 21952 | 5.2015] 3-0366 73 | 6084 474552 | 8.8318] 4.2727 
20 841 24380 | 5.3852] 3.0723 79 | 6241 403039 | 8.8882) 4.2908 
30 goo 27000 | 5.4772| 3.1072 80 | 6400 512000 | 8.9443] 4.3089 


3r 961 29701 | 5.5678] 3.1414 || 8x | 656x 531441 | 9.0000] 4.3267 
32 | 1024 32708 | 5.6569] 3.1748 || 82 | 6724 551308 | 9.0554] 4.3445 
33 | 1089 35937 | 5-7440| 3.2075 || 83 | 6889 | 571787 | 9.x104] 4.3021 
34 | 1156 30304 | 5.8310] 3.2306 || 84 | 7056 | s02704 | 9.1652) 4.3795 
35 | 1225 42875 | 5.9161] 3.2711 85 | 7225 614125 | 9.2105} 4.3068 
36 | 1206 46656 | 6.0000] 3.30r%9 || 86 | 7306 636056 | 9.2736] 4.414% 
37 | 1360 50653 | 6.0828) 3.3322 87 | 7560 658503 | 9.3276] 4.4310 
38 | 1444 54872 | 6.1644] 3.3620 |} 88 | 7744 681472 | 9.3808] 4.4480 
39 | 1521 50319 | 6.2450] 3.3012 || 89 | 7024 704069 | 9.4340] 4.4047 
40 | 1600 64000 | 6.3246] 3.4200 || 90 | 8x00 729000 | 9.4808] 4.4814 


41 | 1681 68921 | 6.4031] 3.4482 or | 8281 753571 | 9.5304] 4.4979 

42 | 1764 74088 | 6.4807] 3.4760 || 92 | 8464 778688 | 9.5017| 4.5144 
43 | 1849 79507 | 6.5574] 3-5034 || 93 | 8649 | 804357 | 9.0437] 4.5307 
44 | 1936 85184 | 6.6332] 3.5303 || 94 | 8830 | 830584 |. 9.6954} 4.5468 
45 | 2025 91125 | 6.7082] 3.5560 || 95 | 9025 | 857375 | 9.7468] 4.5029 
46 | 2116 97336 | 6.7823] 3.5830 || 96 | 9216 8847360 | 9.7080] 4.5789 
47 | 2209 103823 | 6,8557| 3.0088 || 97 | 9409 | 912673 | 9.8480) 4.5047 
48 | 2304 110592 | 6.9282] 3.6342 |] 08 | 9604 941192 | 9.8095] 4.0104 
49 | 2401 117649 | 7.0000] 3.6593 || 99 | o80r | 970200 | 9.0400) 4.6261 
50 | 2500 125000 | 7,0711| 3.6840 || 100 }10000 | rToOOGOGO |T0,0000 4.6416 
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SQUARES, CUBES, SQUARE AND CuBE Roots or NUMBERS FROM 


I TO 1000 
No.| Square] Cube ae Sale No.|Square| Cube ppen Rane 


TOI) ToZz01r | 10Z030r] 10.0499} 4.6570 || 151) 2280r | 3442051] 12.2882] 5.3251 
102) 10404 | 1061208] 10.0995] 4.6723 || 152] 23104 | 3511808] 12.3288] 5.3368 
103} 10609 | 1092727| 10.1489] 4.6875 ||153] 23409 | 3581577| 12.3603] 5.3485 
104| 10816 | 1124864! 10,1980] 4.7027 ||154| 23716 | 3652264] 12.4007] 5.360% 
IO05| 11025 | 1157625|, 10.2470] 4.7177 ||155| 24025 | 3723875] 12.4400] 5.3717 
106) 11236 | r191016/ 10,2956] 4.7326 || 156) 24336 | 3796416] 12.4900] 5.3832 
107] 11449 | 1225043] 10,3441] 4.7475 ||157| 24649 | 3869803] 12.5300] 5.3047 


108} 11664 | 1259712] 10.3923] 4.7622 || 158] 24064 | 3044312] 12.5698] 5.4061 
Too} 11881 | 1295029] 10.4403] 4.7769 || 159} 25281 | 4019679] 12.6095] 5.4175 
TIO] 12100 | 1331000] 10.4881] 4.7914 || 160} 25600 | 4096000] 12.6491] 5.4288 


T11| 12321 | 1367631) 10.5357, 4.8059 ||/161| 25921 | 4173281] 12.6886] 5.4401 
112) 12544 | 1404928] 10.5830] 4.8203 ||162| 26244 | 4251528) 12.7270| 5.4514 
113] 12769 | 1442897] 10.0301] 4.8340 || 163] 26569 | 4330747] 12.7672| 5.4626 
114] 12996 | 1481544] 10.6771) 4.8488 || 164] 26896 | 4410944) 12.8062) 5.4737 
115] 13225 | 1520875| 10.7238) 4.8629 || 165] 27225 | 4492125] 12.8452| 5.4848 
116] 13456 | 1560896| 10.7703] 4.8770 || 166] 27556 | 4574206] 12.8841] 5.4950 
117| 13689 | 1601613) 10.8167] 4.8910 |/167] 27889 | 4657463] 12.9228] 5.5060 
118] 13924 | 1643032) 10.8628] 4.9049 ||168| 28224 | 4741632] 12.9615] 5.5178 
IIg] r4t6r | 1685159) 10.9087] 4.9187 || 169] 28561 | 4826809] 13.0000] 5.5288 
120] 14400 | 1728000] 10.9545] 4.9324 ||170] 28900 | 4913000] 13.0384] 5.5307 


I2t| 14641 | 1771561} Ir.0co0o] 4.9461 ||171] 29241 | So0002tI| 13.0767| 5.5505 
122] 14884 | 1815848] 11.0454] 4.9507 ||172] 20584 | 5088448] 13.1140] 5 

123] 15129 | 1860867] 11.0905} 4.9732 ||173| 20029 | 5177717| 13.1529] 5.5721 _ 
124] 15376 | 1906624| 11.1355] 4.9866 || 174] 30276 | 5268024] 13.1900| 5.5828 
125] 15025 | 1953125] 11.1803] 5.0000 ||175| 30625 | 5350375] 13.2288] 5.5934 
126] 15876 | 2000376| 11.2250] 5.0133 ||176] 30076 | 5451776] 13.2665) 5.6041 
127| 16129 | 2048383] 11.2694] 5.0265 || 177] 31320 | 5545233] 13.3041] 5.6147 
128) 16384 | 2007152] 11.3137} 5.0307 ||178) 31684 | 5639752| 13.3417| 5.6252 
129| 16641 | 2146689) 11.3573] 5.0528 ||179) 32041 | 5735330] 13.3791| 5.6357 
130] 16900 | 2197000] 11.4018] 5.0658 || 180] 32400 | 5832000] 13.4164] 5.6462 


131) 17161 | 2248091] 11.4455] 5.0788 || 181} 32761 | 5020741| 13.4536] 5.6567 
132] 17424 | 2299968) 11.4891| 5.0916 || 182) 33124 | 6028568] 13.4907] 5.6671 
133] 17689 | 2352637] 11.5326] 5.1045 || 183] 33489 | 6128487| 13.5277] 5.6774 
134] 170956 | 2406104] 11.5758] 5.1172 || 184] 33856 | 6220504] 13.5647] 5.6877 


135| 18225 | 2460375| 11.0190] 5.1200. || 185] 34225 | 6331625| 13.6015] 5.6980 
136] 18496 | 2515456} 11.6619] 5.1426 |/ 186) 34506 | 6434856] 13.6382] 5.7083 
137| 18769 | 2571353] 11.7047] 5.1551 || 187| 34069 | 6539203] 13.6748] 5.7185 
138] 19044 | 2628072] 11.7473] 5.1676 || 188) 35344 | 6644672| 13.7113] 5.7287 
139] 19321 | 2685619] 11.7898] 5.1801 |} 189] 35721 | 6751260] 13.7477] 5.7388 
140| 19600 | 2744000} 11.8322] 5.1925 || 190] 36100 | 6859000; 13.7840] 5.74890 


141} 19881 | 2803221] 11.8743] 5.2048 || 191] 36481 | 6967871] 13.8203] 5.7500 
142] 20164 | 2863288] 11.9164] 5.2171 ||192| 36864 | 7077888] 13.8564] 5.7690 
143] 20449 | 2924207) 11.9583] 5.2293 ||193| 37249 | 7180057| 13.8924] 5.7700 
144| 20736 | 2985084] 12.0000] 5.2415 || 194) 37636 | 7301384] 13.9284| 5.7890 


145] 21025 | 3048625] 12.0416] 5.2536 ||195| 38025 | 7414875] 13.9642| 5.7989 
146| 21316 | 3112136] 12.0830] 5.2656 || 196) 38416 | 7529536|° 14.0000} 5.8088 
147| 21600 | 3176523) 12.1244] 5.2776 ||107| 38809 | 7645373] 14.0357| 5.8186 
148] 21904 | 3241792| 12.1655| 5.2896 || 198] 30204 | 7762392| 14.0712| 5.8285 
149] 22201 | 3307949| 12.2066] 5.3015 ||1d0] 39601 | 7880599] 14.1067] 5.8383 
150| 22500 | 3375000| 12.2474] 5.3133 || 200] 40000 | 8000000] 14.1421| 5.8480 
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GENERAL REFERENCE TABLES 


SQuaARES, CUBES, SQUARE AND CuBE Roots OF NUMBERS FROM 


I TO I000 
5 ube Sa. 
No.| Square} Cube om gube No. |Square | Cube ee be 
201] 40401 8120601] 14.1774] 5.8578 || 25z | 63001 | 15813251) 15.8430] 6.3080 
202| 40804 8242408] 14.2127| 5.8675 || 252 | 63504 | 16003008] 15.8745] 6.3164 
203| 41209 | 8365427) 14.2478] 5.8771 || 253 | 64009 | 16194277] 15.9060} 6.3247 
204] 41616 | 8489664) 14.2829] 5.8868 || 254 | 64516 | 16387064] 15.9374] 6.3330 
205| 42025 8615125| 14.3178| 5-8964 || 255 | 65025 | 16581375| 15.9687| 6.3413 
206} 42436 | 8741816] 14.3527) 5.9050 || 256 | 65536 | 16777216] 16.0000] 6.3406 
207| 42849 | 8800743] 14.3875] 5.9155 || 257 | 66049 | 16974593] 16.0312) 6.3579 
208] 43264 | 80089r2| 14.4222| 5.9250 |} 258 | 66564 | 17173512| 16.0624| 6.3661 
209] 43681 | 9120320] .14.4568] 5.9345 || 259 | 67081 | 17373979] 16.0035] 6.3743 
210] 44100 | 9261000] 14.4914! 5.9439 || 260 | 67600 | 17576000] 16.1245| 6.3825 
211] 44521 | 9303031] 14.5258] 5.0533 || 261 | 68121 | 17779581) 16.1555] 6.3007 
212| 44944 | 9528128) 14.5602] 5.9627 || 262 | 68644 | 17984728) 16.1864| 6.3088 
213] 45309 | 9663507| 14.5045| 5.9721 || 263 | 69169 | 18191447] 16.2173] 6.4070 
214| 45706 9800344] 14.6287] 5.9814 || 264 | 69696 | 18300744] 16.2481} 6.4151 
215| 46225 9938375| 14.6629] 5.9007 || 265 | 70225 | 18609625] 16.2788) 6.4232 
216| 46656 | 10077606] 14.6969| 6.0000 |] 266 | 70756 | 18821096] 16.3095| 6.4312 
217| 47089 | 10218313] 14.7309] 6.0092 || 267 | 71289 | 19034163] 16.3401| 6.4303 
218| 47524 | 10360232| 14.7648] 6.0185 || 268 | 71824 | 19248832] 16.3707| 6.4473 
219| 47961 | 10503459] 14.7986] 6.0277 || 269 | 72361 | 19465109] 16.4012) 6.4553 
220| 48400 | 10648000] 14.8324] 6.0368 || 270 | 72900 | 19683000] 16.4317] 6.4633 
221} 48841 | 10793861] 14.8661] 6.0459 || 271 | 73441 | ToQ02511| 16.4621) 6.4713 
222] 49284 | 10941048] 14.8997| 6.0550 || 272 | 73984 | 20123648] 16.4924] 6.4702 
223| 49729 | 11089567] 14.9332] 6.0641 || 273 | 74529 | 20346417| 16.5227) 6.4872 
224| 50176 | 11239424] 14.9666] 6.0732 || 274 | 75076 | 20570824] 16.5520] 6.4951 
225| 50625 | 11390625] 15.0000] 6.0822 || 275 | 75625 | 20796875] 16.5831| 6.5030 
226) 51076 | 11543176] 15.0333] 6.0912 || 276 | 76176 | 21024576} 16.0132) 6.5108 
227| 51529 | 11697083] 15.0665] 6.1002 || 277 | 76729 | 21253033] 16.6433) 6.5187 
228) 51984 | 11852352] 15.0997] 6.1091 || 278 | 77284 | 21484952] 16.6733) 6.5265 
229! 52441 | 12008989] 15.1327] 6.1180 || 270 | 77841 | 21717639] 16.7033) 6.5343 
230| 52900 | 12167000] 15.1658] 6.1269 || 280 | 78400 | 21952000] 16.7332] 6.542I 
231] 53361 | 12326301| 15-1987] 6.1358 || 28x | 78961 | 22188041| 16.7631] 6.5499 
232| 53824 | 12487168] 15.2315| 6.1446 || 282 | 79524 | 22425708] 16.7920] 6.5577 
233] 54289 | 12640337] 15.2643| 6.1534 || 283 | 80089 | 22665187] 16.8226) 6.5654 
234] 54756 | 12812904] 15.2971| 6.1622 || 284 | 80656 | 22906304] 16.8523] 6.5731 
235| 55225 | 12977875| 15.3207| 6.1710 || 285 | 81225 | 23149125] 16.8810] 6.5808 
236] 55606 | 13144250] 15.3623] 6.1797 || 286] 81796 | 23393656] 16.9115] 6.5885 
237| 50169 | 13312053] 15.3948| 6.1885 || 287 | 82369 | 23630903| 16.9411) 6.5962 
238| 56644 | 13481272) 15.4272| 6.1972 || 288} 82944 | 23887872] 16.9706] 6.6039 
230| 57121 | 13651919] 15.4596] 6.2058 || 289 | 83521 | 24137569] 17.0000] 6.6115 
240| 57600 | 13824000] 15.4919] 6.2145 || 290] 84100 | 24389000] 17.0294] 6.6101 
241| 58081 | 13997521| 15.5242| 6.2231 || 201 | 84681 | 24642171) 17.0587] 6.6267 
242) 58564 | 14172488| 15.5503] 6.2317 || 292 | 85264 | 24897088] 17.0880] 6.6343 
243| 50049 | 14348907| 15.5885] 6.2403 || 203 | 85849 | 25153757] 17-1172) 6.6419 
244| 59530 | 14526784| 15.6205] 6.2488 || 204 | 86436 | 25412184] 17.1464] 6.6494 
245| 60025 | 14706125] 15.6525] 6.2573 || 205 | 87025 | 25672375] 17-1756) 6.6560 
246| 60516 | 14886936] 15.6844] 6.2658 || 206 | 87616 | 25034336] 17.2047| 6.0644 
247| 61009 | 15069223| 1§.7162| 6.2743 || 207 | 88209 | 26198073] 17.2337) 6.67190 
248| 61504 | 15252092| 15.7480] 6.2828 || 208 | 88804 | 26463592| 17.2627] 6.6794 
249| 62001 | 15438240| 15.7797| 6.2912 || 200 | 8o4or | 26730800] 17.2016 6.6869 
250| 62500 | 15625000| 15.8114] 6.2996 || 300] go000 | 27000000} 17.3205] 6.6043 


SQUARES AND CUBES 


SQUARES, CUBES, SQUARE AND CuBE Roots oF NUMBERS FROM 
I TO Io0oo 
No.|Square Cube a Cube No. |Square Cube Rian Gabe 
301| goGor| 27270901] 17.3494] 6.7018 || 351 }-12320I] 43243551] 18.7350] 7.0540 
302| 91204] 27543608] 17.3781| 6.7002 || 352 | 1239004] 43614208] 18.7617] 7.0607 
303| 91809] 27818127] 17.4060] 6.7166 ||353 | 124609] 43986077] 18.7883] 7.0674 
304| 92416] 28094464] 17.4356] 6.7240 || 354 | 125316] 44361864] 18.8149] 7.0740 
305| 93025| 28372625] 17.4642| 6.7313 ||355 | 126025) 44738875] 18.8414] 7.0807 
306] 93636) 28652616] 17.4920] 6.7387 || 356 | 126736] 45118016} 18.8680] 7.0873 
307| 04240] 28034443] 17.5214] 6.7460 || 357 | 127449] 45499203] 18.8944] 7.0040 
308, 94864] 2921S112| 17.5490| 6.7533 || 358 | 128164] 45882712] 18.9209] 7.1006 
300] 95481| 205036209] 17.5784] 6.7606 || 350 | 128881| 46268279) 18.9473] 7.1072 
310; 90100] 29791000! 17.6068] 6.7679 || 360 | 129600] 46656000) 18.9737) 7.1138 
311| 96721] 30080231] 17.6352] 6.7752 || 361 | 130321] 47045881] 19,0000] 7.1204 
312| 97344] 30371328] 17.6635| 6.7824 || 362 | 131044] 47437028] 19.0263] 7.1269 
313} 97969] 30664207] 17.6918] 6.7897 || 363 | 131769) 47832147] 19.0526) 7.1335 
314| 08596] 30050144] 17.7200] 6.7969 || 364 | 132496] 48228544 19.0788) 7.1400 
315| 09225] 31255875] 17.7482] 6.8041 || 365 | 133225] 48627125] 19.1050] 7.1466 
316| 909856] 31554406] 17.7764] 6.8113 || 366 | 133956] 49027896] 19.1311] 7.1531 
317| 100489] 31855013] 17.8045] 6.8185 || 367 | 134680] 49430863] 19.1572] 7.1596 
318} 1o1124| 32157432] 17.8326| 6.8256 || 368 | 135424] 49836032] 109.1833] 7.1661 
319] 101761] 32461759] 17.8606] 6.8328 || 369 | 136161) 50243409) 19.2004] 7.1726 
320| 102400] 32768000] 17.8885] 6.8399 || 370 | 136900] 50653000} 19.2354| 7.1791 
321] 103041] 33076161] 17.9165] 6.8470 || 372 | 137641] 51064811] 19.2614| 7.1855 
322| 103684] 33386248] 17.9444] 6.8541 || 372 | 138384) 51478848] 10.2873] 7.1920 
323| 104329] 33098267| 17.9722) 6.8612 || 373 | 139129) 51895117| 19.3132] 7.1984 
324] 104976] 34012224] 18.0000] 6.8683 || 374 | 139876) 52313624] 19.3391] 7.2048 
325| 105625] 34328125| 18.0278] 6.8753 ||375 | 140625) 52734375] 10.3649] 7.2112 
326) 106276] 34645976] 18.0555] 6.8824 || 376 | 141376| 53157376] 19.3007| 7.2177 
327| 106920] 34005783| 18.0831] 6.8804 || 377 | 142129] 53582633] 10.4165] 7.2240 
328] 107584] 35287552] 18.1108] 6.8964 || 378 | 142884] 54010152] 19.4422] 7.2304 
320| 108241| 35611289} 18.1384) 6.9034 || 379 | 143641] 54439039] 19.4670] 7.2368 
330| 108900] 35937000] 18.1659] 6.9104 || 380 | 144400| 54872000] 19.4936] 7.2432 
331) 109561] 36264691] 18.1934] 6.9174 || 38r | 145161! 55306341| 19.5192] 7.2405 
332| 110224] 36594368] 18.2209] 6.9244 || 382 | 145024| 55742008] 19.5448) 7.2558 
333| 110889] 36926037] 18.2483] 6.9313 || 383 | 146680] 56181887] 19.5704| 7.2622 
334] 111556] 37259704| 18.2757] 6.9382 || 384 | 147456] 56623104] 19.5950] 7.2685 
335| 112225] 37505375| 18.3030] 6.9451 || 385 | 148225] 57066625] 19.6214] 7.2748 
336] 1128096] 37933050 18.3303} 6.9521 || 386 | 148996] 57512456] 19.6469} 7.2811 
337| 113569] 38272753] 18.3576] 6.9580 || 387 | 149769] 57960603] 19.6723] 7.2874 
338| 114244] 38614472] 18.3848} 6.9658 || 388 | 150544! 58411072] 19.6977! 7.2936 
339| 114021] 38958210| 18.4120) 6.9727 || 380 | 151321] 58863869] 19.7231] 7.29009 
340| 115600] 39304000] 18.4391| 6.9795 || 390 | 152100] 59319000] 19.7484] 7.3061 
341| 116281] 39651821] 18.4662] 6.9864 || 301 | 152881] 59776471] 10.7737] 73124 
342] 116964] 40001688] 18.4032] 6.0932 || 302 | 153664) 60236288) 19.7990] 7.3186 
343] 117649] 40353607] 18.5203) 7.0000 || 393 | 154449] 60698457] 19.8242] 7.3248 
344| 118336] 40707584| 18.5472] 7.0068 || 3094 | 155236) 61162984| 19.8494] 7.3310 
345] 119025] 41063625] 18.5742] 7.0136 || 305 | 156025] 61629875] 19.8746) 7.3372 
346 110716] 41421736] 18.6011] 7.0203 || 3096 | 156816] 62099136] 19.8007] 7.3434 
347) 120409} 41781923) 18.6279] 7.0271 || 307 | 157609] 62570773] 19.9240] 7.3490 
348] I2r104| 42144192] 18.6548] 7.0338 || 398 | 158404] 63044702] 19.9400] 7.3558 
349| 121801] 425085409] 18.6815} 7.0406 || 399 | 159201] 63521199] 19.9750] 7.3619 
350| 122500] 42875000] 18.7083] 7.0473 || 400 | 160000] 64000000] 20,0000] 7.368z 
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770 GENERAL REFERENCE TABLES 
SQUARES, CUBES, SQUARE AND Cust Roots or NUMBERS FROM 
I TO I000 

No.|Square | Cube a Sta No. |Square| Cube fo Cube 
4o1| 160801] 64481204) 20.0250] 7.3742 ||45I | 203401 91733851|21.2368] 7.6683 
402| 161604] 64964808] 20.0499] 7.3803 || 452 | 204304 92345408|21.2603| 7.6744 
403| 162409| 65450827] 20.0740] 7.3864 ||453 | 205200 92959077 |21.2838] 7.6800 
404| 163216] 65930264) 20.0998) 7.3025 || 454 200116] 93576664|21.3073| 7-6857 
405| 164025] 66430125] 20.1246] 7.3086 || 455 | 207025 94196375|21.3307| 7-6914 
406] 164836] 66923416] 20.1494) 7.4047 456 | 207936] 94818816|21.3542| 7.6070 
407| 165640] 67419143) 20.1742] 7-4108 || 457 | 208849] 95443993|21.3770| 7.7026 
408| 166464] 67017312| 20.1990] 7.4169 || 458 209764] 96071912|21.4009| 7.7082 
409| 167281| 68417929] 20.2237] 7.4229 ||459 210681] 96702579|21.4243| 7.7138 
410] 168100] 6892r000] 20.2485] 7.4290 460 | 211600] 97336000]21.4476| 7.71904 
411] 168921| 69426531) 20.2731] 7-435° 461 | 212521] 97972181|21.4700] 7.7250 
412| 169744| 69934528] 20.2978] 7.4410 || 462 | 213444 98611128] 21.40942| 7.7306 
413| 170560] 70444997| 20.3224] 7.4470 || 463 | 214309] 99252847|21.5174| 7.7362 
414| 171306] 70957044] 20.3470] 7.4530 || 464 | 215206] 99807344|21.5407| 7.7418 
415| 172225] 71473375| 20.3715| 7-4590 || 465 | 216225) 100544625|21.5030) 7.7473 
416| 173056] 71991296| 20.3961| 7.4650 || 466 217156] 101194696|21.5870| 7.7529 
| 417| 173880] 72511713] 20.4206] 7.4710 467 | 218089] 101847563|21.6102| 7.7584 
418| 174724| 73034032| 20.4450] 7.4770 || 468 | 219024] 102503232|21.6333) 7.7039 
419] 175561| 73500059| 20.4695| 7.4829 || 469 | 219961 103161709|21.6564| 7.7605 
420| 176400] 74088000] 20.4939 7.4889 || 470 | 220900] 103823000|21.6795| 7.7759 
421| 177241| 74618461] 20.5183] 7.4048 || 472 221841| 104487111|21.7025| 7.7805 
422| 178084] 75151448] 20.5426] 7.5007 || 472 222784| 105154048|21.7250| 7.7860 
423) 178929| 75686967| 20.5670] 7.5067 || 473 | 223729 105823817|21.74806| 7.7915 
424| 179776| 76225024] 20.5913] 7.5126 || 474 224676] 106496424|21.7715| 7-797° 
425| 180025] 76765625] 20.0155] 7.5185 || 475 225625| 107171875|21.7945| 7-8025 
426| 181476] 77308776| 20.6398] 7.5244 || 476 | 220576 107850176|21.8174| 7.8079 
427| 182320] 77854483] 20.6640] 7.5302 ||477 | 227520 108531333|21-8403| 7.8534 
428| 183184| 78402752| 20.6882| 7.5361 || 478 | 228484) 109215352 21.8632| 7.8188 
429| 184041| 78953589] 20.7123] 7.5420 || 479 | 220441| 109902239 21.8861] 7.8243 
430| 184900] 79507000] 20.7364] 7.5478 || 480 | 230400} 110592000 21.9089| 7.8297 
431| 185761| 80062991] 20.7605] 7.5537 || 48 | 23136x 111284641|21.9317| 7.8352 
432| 186624] 80621568] 20.7846| 7.5505 || 482 | 232324 111980168|21.9545| 7.8406 
433| 187480] 81182737| 20.8087] 7.5654 || 483 | 2332890 112678587|21.0773| 7.8460 
434| 188356] 81746504] 20.8327| 7.5712 || 484 | 234256] 113379004|22.0000 7.8514 
435| 189225] 82312875| 20.8567] 7.5770 || 485 | 235225 114084125|22.0227| 7.8568 
430| 190096] 82881856] 20.8806] 7.5828 || 486 | 236196 114791250|22.0454| 7.8622 
437| 190069] 83453453] 20.9045] 7.5886 || 487 237169] 115501303|22.0081| 7.8676 
438| 191844| 84027672] 20.9284] 7.5944 || 488 | 238144 116214272|22.0907| 7.873¢ 
430| 192721| 84604519] 20.9523| 7-600r || 489 | 239121 116930169|22.1133| 7.8784 
440| 193000] 85184000] 20.9762] 7.6059 || 490 | 240100 117649000] 22.1359) 7.8837 
441| 194481| 85766121] 21.0000] 7.6117 || 401 | 241081 118370771|22.1585| 7.8891 
442| 195364| 86350888] 21.0238] 7.6174 ||492 | 242064] 119005488 22.1811] 7.894¢ 
443| 196249] 86938307| 21.0476| 7.6232 || 405 | 243049| 119823157 22.2036] 7.809§ 
444| 197136] 87528384] 21.0713| 7-6289 || 494 | 244036 120553784|22.2261| 7.905] 
445| 198025| 88121125] 21.0950] 7.6346 || 405 | 245025 121287375|22.2486| 7.9105 
446| 198016] 88716536| 21.1187| 7.6403 || 406 | 246016 122023930|22.2711| 7.9155 
447| 199809| 80314623] 21.1424] 7.6460 || 497 | 247000] 122763473|22+2035] 7.921) 
448| 200704] 89915392| 21.1660] 7.6517 || 408 | 248004] 123505902 22.3159| 7.9264 
449| 201601| 90518849] 21.1896] 7.6574 || 499 | 249001] 124251400 22.3383| 7.0311 
450] 202500] 91125000] 21.2132] 7.0631 500 | 250000} 125000000]22.3007| 7-0375 
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SQUARES AND CUBES 
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Squares, Cuses, SQUARE AND CuBE Roots or NUMBERS FROM 


I TO 1000 

Sq. Cube Sq. | Cube 
No.| Square} Cube Rack: Rect No. | Square Cube Root | Root 
501] 251001] 125751501|22.3830| 7.9423 ||55z| 303601] 167284151/23.4734| 8.1082 
/§02| 252004] 126506008]22.4054| 7.0476 || 552 | 304704] 168196608|23.4047| 8.2031 
'§03| 253000] 127263527|22.4277| 7.0528 ||553 | 305809] 169112377/23.5160| 8.2081 
§04| 254016] 128024064|22.4409| 7.9581 554 | 300916] 170031464|23.5372| 8.2130 
505] 255025] 128787625/22.4722] 7.0034 ||555 | 308025] 170953875|\23.5584| 8.2180 
506] 256036] 120554216|22.4944| 7.0686 || 556 | 309136] 1718709616|23.5707| 8.2229 
507] 257049] 130323843|22.5167| 7.0739 || 557 | 310240] 172808693/23.6008] 8.2278 
508] 258064) 131096512]22.5380| 7.0701 §58 | 311364] 17374111 2|23.6220] 8.2327 
500] 250081] 131872229]22.50610] 7.0843 559 | 312481] 174676870|23.6432| 8.2377 
510] 260100] 132651000/22.5832| 7.9896 || 560 | 313600] 175616000]23.6643] 8.2426 
511] 261121] 133432831|22.6053| 7.9048 || 56r | 314721] 176558481|23.6854) 8.2475 
512] 262144] 134217728|22.6274| 8.0000 || 562 | 315844] 177504328|23.7005| 8.2524 
§13| 263169] 135005607/22.6495| 8.0052 || 563 | 316969) 178453547|/23-7276| 8.2573 
§14| 264196] 135796744|22.6716| 8.0104 || 564 | 318096] 179406144|23.7487| 8.2621 
515| 265225] 136590875|22.6936| 8.0156 || 565 | 319225] 180362125|23.7097| 8.2670 
§16| 266256] 137388096/22.7156] 8.0208 || 566 | 320356] 181321496|23.7908| 8.2719 
§17| 267280] 138188413]22.7376] 8.0260 || 567 | 321489] 182284263|23.8118| 8.2768 
518} 268324] 138991832/22.7506] 8.0311 || 568 | 322624] 183250432|/23.8328| 8.2816 
5109] 260361] 139708350|22.7816| 8.0363 || 560 | 323761] 184220009|23.8537| 8.2865 
§20| 270400} 140608000]22.8035] 8.0415 || 570 | 324900] 185192000|23.8747| 8.2013 
521] 271441] 141420761|22.8254] 8.0466 || 571 | 326041] 186169411|23.8056| 8.2962 
§22| 272484) 142236648]22.8473| 8.0547 ||572 | 327184] 187149248|23.9165| 8.3010 
523| 273520] 143055667|22.8692] 8.0569 ||573 | 328329] 188132517|23.0374| 8.30590 
524| 274576| 143877824|22.8910] 8.0620 ||574 | 329476] 189119224|23.0583| 8.3107 
525| 275625] 144703125|22.9129| 8.0671 || 575 | 330625} 190100375|23.0702) 8.3155 
526] 276676] 145531576|22.9347| 8.0723 ||576 | 331776] 191102976|24.0000} 8.3203 
527) 277720] 1460363183|22.9565| 8.0774 ||577 | 332920] 192100033|24.0208] 8.3251 
528| 278784] 147197952|22.9783| 8.0825 ||578 | 334084] 193100552/24.0416] 8.3300 
520] 279841] 148035889]23.0000] 8.0876 ||579 | 335241| 194104539/24.0024] 8.3348 
530] 280900] 148877000]23.0217| 8.0927 || 580 | 336400] 195112000|24,0832| 8.3306 
531| 281961] 149721291/23.0434| 8.0978 || 58x | 337561] 196122041/24.1030| 8.3443 
532] 283024] 150568768/23.0051| 8.1028 || 582 | 338724] 197137308]24.1247] 8.3401 
533| 284089] 151419437|23.0868] 8.1079 || 583 | 339889] 198155287|24.1454) 8.3530 
534| 285156] 152273304|/23.1084| 8.1130 || 584 | 341056] 199176704|24.1661]| 8.3587 
535| 286225] 153130375|23.1301| 8.1180 || 585 | 342225] 200201625|24.1868| 8.3624 
536| 287206] 153990656|23.1517| 8.1231 || 586 | 343396] 201230056|24.2074) 8.3682 
537| 288360] 154854153|23.1733| 8.1281 || 587 | 344560] 202262003]24.2281| 8.3730 
-§38} 289444) 155720872|23.1048] 8.1332 || 588 | 345744] 203207472|24.2487| 8.3777 
530] 200521] 156590819|/23.2164! 8.1382 || 580 | 346021] 204336460! 24.2093] 8.3825 
540] 291600] 157464000|23.2379| 8.1433 || 590 | 348100] 205379000|24.2809| 8.3872 
541| 292682] 158340421/23.2504| 8.1483 || 501 | 349281] 206425071|24.3105| 8.3010 
542) 203764| 159220088/23.2809] 8.1533 || 592 | 350464] 207474688/24.3311| 8.3067 
543) 204849| 160103007|23.3024| 8.1583 || 503 | 351649] 208527857|24.3516| 8.4014 
544! 205936] 160989184) 23.3238] 8.1633 || 504 | 352836] 209584584|24.3721| 8.4061 
545| 297025| 161878625|23.3452| 8.1683 || 505 | 354025] 210644875|24.3926| 8.4108 
546) 208116] 162771336|23.3066| 8.1733 || 506} 355216] 211708736)24.4131| 8.4155 
547| 2909200] 163667323|23.3880] 8.1783 || 597 | 356400] 212776173|24.4336| 8.4202 
548| 300304] 164566592|23.4004| 8.1833 || 508] 357604] 213847192/24.4540| 8.4249 
540] 301401| 165469149|23.4307| 8.1882 || 509 | 358801] 214921700|24.4715| 8.4206 
550] 302500] 166375000|23.4521| 8.1932 || 600 | 360000} 216000000]24.4049| 8.4343 
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GENERAL REFERENCE TABLES 


Squares, CuBES, SQUARE AND CuBE Roots OF NUMBERS FROM 


No. 


I TO 1000 

eS 
Sq. Cube Sq. Cube 

Square Cube Root Root No. |Square Cube Root! Root 
361201] 217081801|24.5153| 8.4390 || 652 | 423801) 275894451|25.5147 8.6668 
362404| 218167208|24.5357| 8.4437 || 652 | 425104 277167808|25.5343| 8.6713 
363609| 219256227|24.5561| 8.4484 ||653 | 426409] 278445077/25-5530| 8.6757 
364816] 220348864|24.5764| 8.4530 || 654 | 427710| 270726204|25.5734 8.6801 
366025| 221445125|24.5007| 8.4577 || 655 | 420025| 281011375|25-5030) 8.6845 
367230| 222545016|24.6171| 8.4623 656 | 430336] 282300416|25.6125| 8.6890 
}368449| 223648543|24.6374| 8.4670 ||657 | 431640] 283503303|25.0320| 8.6034 
369664| 224755712|24.0577| 8.4716 658 | 4329004| 284890312|25.6515| 8.6978 
370881| 225866529|24.6779| 8.4763 || 659 434281| 286191179|25.6710| 8.7022 
372100] 226981000|24.6982| 8.4809 || 660} 435600) 287496000 25.6905| 8.7066 
373321| 228099131|24.7184| 8.4856 66x | 436921] 288804781|25.7099| 8.7110 
374544| 229220928|24.7386| 8.4902 || 662 | 438244 290117528|25.7204| 8.7154 
375760| 230346307|24.7588| 8.4048 || 663 | 430569] 201434247|25.7488| 8.7108 
376906| 231475544|24.7790| 8.4004 || 664 | 440806] 202754944)25.7082) 8.7241 
378225| 232608375|24.7092| 8.5040 665 | 442225| 204079625|25.7876| 8.7285 
370456) 233744800|24.8103| 8.5086 |) 666 | 443556) 2905408296|25.8070| 8.7320 
380089| 234885113|/24.8305| 8.5132 || 607 | 444880] 296740963 25.8263| 8.7373 
381924| 236029032|24.8506| 8.5178 || 668 | 446224 298077632|25-8457| 8.7416 
383161| 237170650|24.8707| 8.5224 || 669 | 447561] 200418309|25.8050] 8.7460 
384400] 238328000|24.8998] 8.5270 ||670 | 448900] 300763000 25.8844| 8.7503 
385641] 239483061|24.9199] 8.5316 671 | 450241] 302111711}25.90037| 8.7547 
386884| 240041848] 24.9300] 8.5362 || 672 | 451584] 303464448|25.9230| 8.7500 
388129] 241804367|24.9600] 8.5408 || 673 | 452020 304821217|25.9422| 8.7634 
380376] 242970624|24.9800] 8.5453 || 674 454270| 306182024|25.9615| 8.7677 
390625| 244140625|25.0000] 8.5409 || 675 455625| 307546875]|25.9808] 8.7721 
301876) 245314376|25.0200| 8.5544 676 | 456076| 308915776|26.0000] 8.7764 
303129] 246491883}25.0400| 8.5500 677 | 458329| 310288733|26.0192| 8.7807 
304384| 247073152|25-0500| 8.5035 || 678 | 459084} 311x665752|20.0384| 8.7850 
305641| 248358189|25.0799| 8.5681 || 679 | 461041 313046839] 26.0576] 8.7803 
390900| 250047000]25.0998| 8.5726 || 680 | 462400] 314432000 26.0768] 8.7937 
308161] 251239591|25-1107| 8.5772 68r | 463761] 315821241|26.0960] 8.7980 
300424) 252435908|25.1306| 8.5817 || 682 | 465124 317214508) 26.1151| 8.8023 
400089] 253036137|25-1595| 8.5862 683 | 466480] 318611987|20.1343| 8.8066 
401956] 254840104/25.1794| 8.5007 684 | 467856] 320013504! 26.1534| 8.8109 
403225] 256047875|25.1902| 8.5052 685 | 469225] 321419125|26.1725| 8.8152 
404496} 257250456)|25.2190| 8.5907 686 | 470506| 322828856] 26.1916| 8.8194 
405769] 253474853|25-2389| 8.6043 687 | 471969] 324242703|20.2107| 8.8237 
407044) 259604072/25-2587| 8.6088 688 | 473344| 325660672) 26.2298) 8.8280 
408321| 260917110|25.2784] 8.6132 680 | 474721] 327082760|26.2488] 8.8323 
409600] 262144000]25.2082| 8.6177 690 | 476100] 328509000) 26.2679] 8.8366 
410881) 263374721|25-3180] 8.6222 69r | 477481} 320030371|26.2869] 8.8408 
412164| 264609288|25.3377| 8.6267 || 602 | 478864) 331373888 26.3050| 8.8451 
413449| 265847707|25-3574| 8.6312 || 693 | 480249] 332812557|20.3240| 8.8493 
414730| 267089084|25.3772| 8.6357 || 694 | 481636] 334255384)26.3430| 8.8536 
416025| 268336125|25.3960| 8.6401 || 695 | 483025) 335702375 26.3629| 8.8578 
417316] 269586136)/25.4165| 8.6446 696 |. 484416] 337153536|26.3818] 8.8621 
413609| 270840023|25-4362| 8.6490 || 607 | 485809] 338608873|26.4008) 8.8663 
419904) 272007792|25-4558] 8.6535 698 | 487204) 340068392|26.4197| 8.8706 
421201| 273359449|25-4755| 8.6579 699 | 488601} 341532090|26.4386| 8.8748 
422500| 274625000/25-4951| 8.6624 || 700 | 490000) 343000000) 26.4575| 8.8790 
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SQUARES AND CUBES 
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Squares, CuBES, SQUARE AND CuBE Roots or NUMBERS FROM 


-: I TO I000 

Sq. Cube Sq. | Cube 
No.|Square} Cube | pot. | Root ||No.|Sauare] Cube | poe | goer 
7OI| 491401} 344472T01|26.4764| 8.8833 ||'75x | 564001] 423564751|27.4044| 0.0896 
702| 492804) 345948408}26.4953| 8.8875 ||752 | 565504] 425259008|27.4226) 9.0037 
793) 404200] 347428927|26.5141| 8.8917 ||753-) 867000] 426057777|27.4408] 9.0077 
704| 405616] 348913664) 26.5330] 8.8050 || 754 | 568516) 428661064|27.4501| 9.1017 
705| 407025] 350402625/26.5518} 8.9001 || 755 | 570025] 430368875|27.4773| 9.1057 
706| 408436] 351895816/26.5707| 8.9043 ||'756 | 571536] 432081216/27.4955| 9.1008 
707| 499849] 353393243|26.5805| 8.9085 || 757 | 573040] 433798003)27-5136| 9.1138 
708] 501264! 354804912|/26.6083) 8.9127 || 758 | 574564) 435510512/27.5318| 9.1178 
709| 502681] 356400820|26.6271| 8.9160 ||759 | 576081| 437245479|27-5500| 9.1218 
710) 504100] 357911000}26.6458) 8.9211 760 | 5770600] 438976000|27-5681| 9.1258 
7II| 505521] 350425431|26.6646| 8.9253 || 76x | 579121] 440711081|27.5862| 9.1208 
712| 506044) 360944128|26.6833} 8.9205 || 762 | 580644] 442450728|27.0043] 9.1338 
713| 508369] 362467097|26.7021| 8.9337 || 763 | 582169] 444194947 |27-6225| 9.1378 
4914| 500796] 363994344|26.7208} 8.9378 || 764 | 583696) 445943744|27-6405| 9.1418 
915| 511225) 365525875|26.7305| 8.9420 || 705 | 585225] 447607125|27-6586] 9.1458 
716| 512656) 367061696|26.7582| 8.9462 766 | 586756] 449455096|27.6767] 9.1498 
4917| 514089] 368601813|26.7760| 8.9503 767 | 588280] 451217663|27.6048] 9.1537 
718} 515524] 370146232|26.7055| 8.9545 || 768 | 5809824] 452984832|2%.7128| 9.1577 
719| 516961] 371694959|26.8142| 8.9587 || 769 | 591362| 454750609|27.7308| 9.1617 
720| 518400] 373248000}26.8328] 8.9628 ||770]| 592900] 456533000|27.7489] 9.1657 
72t| 5t984r| 374805361|26.8514| 8.0679 || 771 | 504441] 458314011|27.7660) 9.1696 
422| 521284) 376367048|26.8701| 8.9711 ||772 | 595984] 460099648/27.7849] 9.1736 
723) 522729| 377933007|26.8837| 8.0752 || 773 | 597529] 461889917|27.8029] 9.1775 
724) 524176) 379503424|26.9072| 8.90794 || 774 | 509076] 463684824/27.8200] 9.1815 
725| 525625| 381078125|20.9258| 8.9835 775 | 600625] 465484375/27-.8388| 9.1855 
720| 527076| 382657176/26.9444| 8.9876 || 776 | 602176] 467288576)27.8568] 9.1804 
727| 528520] 384240583|26.9629| 8.9918 || 777 | 603720] 469097433|27-8747| 9.1033 
728) 520984) 385828352]26.9815| 8.9950 || 778 | 605284] 470910052|27.8927| 9.1973 
720| 531441) 387420489|27.0000] 9.0000 779\| 606841| 472720130|27-9106] 9.2012 
730| 532900] 389017000]27.0185] 9.0041 780 | 608400] 474552000/27.9285| 9.2052 
73%) 534361} 390617891|27.0370| 9.0082 || 78x | 609961) 476370541|27.9464| 9.200% 
732| 535824| 392223108]27.0555| 9.0123 782 | 611524] 478211768]27.9643] 9.2130 
733) 537289) 303832837|27-0740| 9.0164 || 783 | 613089] 480048687/27.9821| 9.2170 
934| 538756] 395446904|27.0924| 9.0205 784 | 614656) 481890304|28.0000] 9.2209 
735| 540225] 397005375|27-1100| 9.0246 785 | 616225) 483736625|28.0179| 9.2248 
736| 541696] 398688256|27.1293| 9.0287 786 | 617796] 485587656|28.0357| 9.2287 
737| 543109] 400315553|27-1477| 9.0328 || 787 | 619369} 487443403|28.0535| 9.2326 
738| 544644] 401947272|27.1062| 9.0369 || 783 | 620944] 489303872|28.0713] 09.2365 
739| 540L21| 403583419|27-1846| 9.0410 || 789 | 622521| 491169069|28.0891] 9.2404 
740| 547600) 405224000|27.2029| 9.0450 || 790 | 624100] 493039000/28.1060] 9.2443 
741| 549081| 406869021|27.2213] 9.0491 || 70x | 625681] 494913671|28.1247] 9.2482 
742| 550564) 408518488]27.2307| 9.0532 || 792 | 627264] 406793088|28.1425] 9.2521 
9743| 552049] 410172407/27.2580] 9.0572 703 | 628849) 498677257|28.1603| 9.2560 
744| 553530| 411830784|27.2764| 9.0613 || 794 | 630436) 500566184|28.1780] 9.2599 
745| 555025| 413493625|27-2047| 9-0654 || 795 | 632025) 502459875/|28.1957| 9.2038 
746| 550510] 415160936|27.3130| 9.0604 || 796 | 633616) 504358336|28.2135| 9.2677 
747| 558000] 416832723|27.3313| 9.0735 |] 797 | 635200] 506261573|28.2312| 9.2716 
748) 550504| 418508992/27.3406| 9.0775 || 708 | 636804) 508169592|28.2480| 9.2754 
740| 501001| 420189740/27.3679| 9.0816 || 799 | 638401] 510082399|28.2666| 9.2793 
750] 562500] 421875000|27.3861| 9.0856 || 800 | 640000] 512000000]28.2843| 9.2832 
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GENERAL REFERENCE TABLES 


Squares, CuBes, SQUARE: AND CuBr Roots oF NUMBERS FROM 
I TO 1000 = 


ee 


No.| Square 


Cube 


Sa. 
Root 


801] 641601 
802] 643204 
803} 644800 
804} 646416 
805] 648025 
806] 649636 
807} 651249 
808) 652864 
809} 654481 
810] 656100 


811] 657721 
812) 650344 
813} 660969 
814] 662506 
815] 664225 
816} 665856 
817} 6674890 
818] 669124 
819] 670761 
820] 672400 


821] 674041 
822] 675684 
823] 677329 
824| 678976 
825] 680625 
&26) 682276 
827| 683920 
828} 685584 
820] 687241 
830| 688900 


831| 690561 
832) 692224 
833] 603889 
834] 695556 
835] 697225 
836] 698806 
837| 700569 
838} 702244 
839] 703921 
840] 705600 


841] 707281 
842] 708964 
843] 710049 
844| 712330 
845| 714025 
846| 715716 
847) 717409 
848) 719104 
849| 720801 
850| 722500 


513922401 
515849008 
517781627 
519718464 
521660125 
523606616 
525557943 
527514112 
§29475129 
531441000 


533411731 
535387328 
537307797 
539353144 
541343375 
543338496 
545338513 
547343432 
549353259 
551308000 


553387661 
555412248 
557441707 
559476224 
561515625 
563559970 
565609283 
567663552 
569722789 
571787000 


573856191 
575930308 
578009537 
580093704 
582182875 
584277050 
586376253 
§88480472 
590589719 
592704000 


594823321 
590047688 
599077107 
601211584 
603351125 
605495736 
607645423 
609800192 
611960049 
614125000 


28.3019 
28.3106 
28.3373 
28.3549 
28.3725 
28.3901 
28.4077 
28.4253 
28.4420 
28.4005 


28.4781 
28.4956 
28.5132 
28.5307 
28.5482 
28.5057 
28.5832 
28.6007 
28.6182 
28.6356 


28.6531 
28.6705 
28.6880 
28.7054 
28.7228 
28.7402 
28.7576 
28.7750 
28.7924 
28.8007 


28.8271 
28.8444 
28.8617 
28.8701 
28.8964 
28.0137 
28.9310 
28.9482 
28.9055 
28.9828 


29.0000 
29.0172 
29.0345 
29.0517 
29.0089 
29.0861 
29.1033 
29.1204 
29.1376 
29.1548 


Cube 
Root 


9.2870 
9.2909 
9.2048 
9.2986 
9.3025 
9.3063 
9.3102 
9.3140 
9.3179 
9.3217 


9.3255 
9.3204 
9.3332 
9.3379 
9.3408 
90-3447 
9.3485 
9.3523 
9.3561 
9.3599 


9.3637 
9.3675 
9.3713 
93751 
9.3789 
9.3827 
9.3865 
9.3902 
9.3949 
9.3978 


9.4016 
9.4053 
9.4091 
9.4120 
9.4166 
9.4204 
9.4241 
90-4279 
9.4316 
9-4354 


9.4301 
9.4429 
9.4466 
9.4503 
9.4542 
9.4578 
9.4615 
9.4652 
9.4690 
9-4727 


No. 


Square 


724201 
725904 
727609 
729316 
731025 
732736 
734449 
736164 
737881 
739600 


741321 
743044 
744769 
740496 
748225 
749950 
751689 
753424 
755101 
756900 


758641 
760384 
762129 
763876 
765625 
767376 
769120 
770884 
7726041 
774400 


776161 
777924 
779080 
781456 
783225 
784996 
786769 
788544 
790321 
792100 


793881 
795664 
797449 
799230 
801025 
802816 
804609 
806404 
808201 
810000 


Cube 


616295051 
618470208 
620650477 
622835864 
625026375 
627222010 
629422793 
631628712 
633839779 
636056000 


638277381 
640503928 
642735647 
644972544 
647214625 
640904618096 
651714363 
653972032 
656234909 
658503000 


660776311 
663054848 
665338617 
667627624 
669921875 
672221376 
6745260133 
676836152 
679151439 
681472000 


683797841 
686128968 
688465387 
690807104 
693154125 
695506456 
697864103 
700227072 
792595309 
7024969000 


797347972 
709732288 
712121057 
714516084 
710017375 
719323130 
721734273 
724150702 
720572000 
'72QO000000 


Sa. 
Root 


29.1719 
29.1890 
29.2062 
20.2233 
29.2404 
20.2575 
29.2740 
29.2916 
29.3087 
29.3258 


29.3428 
29.3598 
29.3709 
29.3939 
29.4100 
29.4279 
29.4449 
29.4018 
29.4788 
29.4058 


29.5127 
29.5200 
29.5406 
29.5035 
29.5804 
20.5973 
29.6142 
29.6311 
29.6479 
29.664) 


209.6816 
29.6085 
29.7153, 
29.7321 
29.7480 
29.7658 
29.7825 
29.7993 
29.8101 
29.8320 


29.8496 
20,8664 
29.8831 
29.8908 
29.9166 
29.0333 
29.9500} 
29.9666 
20.0833 


30.0000 


Cube 
Root 


9.4764 
9.4801 
9.4838 
9.4875 
9.4912 
9.4949 
9.4986 
9.5023 
9.5060 
9.5007 


9.5134 
9.5171 
9.5207 
9.5244 
9.5281 
9.5317 
9.5354 
90-5391 
9.5427 
9.5464 


9.5501 
9.5537 
9.5574 
9.5610 
9.5647 
9.5683 
9.5719 
9.5756 
9-5702 


8) 9.5828 


9.5865 
9.590% 
9.5937 
9.5973 
9.6010 
9.6046 
9.6082 
9.6118 
9.6154 
9.6190 


9.6226 
9.6262 
9.6298 
9.6334 
9.6370 
9.6406 
9.6442 
9.6477 
9.6513 
9-6549 
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SQUARES AND CUBES 775 


SQUARES, CuBES, SQUARE AND CuBE Roots oF NUMBERS FROM 


I TO r000 
No. | Square} Cube ne oe No. |Square| Cube Rist ie 
eee eet 


gor} 8rxr80r] 731432701|30.0167| 9.6585|| 951 | 904401] 860085351|30.8383] 9.8330 
902 | 813604] 733870808]30.0333] 9.6620] 952 | 906304] 862801408|30.8545| 9.8374 
903 | 815409] 736314327|30.0500] 9.6656]! 953 | 908209) 865523177|30.8707| 9.8408 
904 | 817216] 738763264|30.0666] 9.6692)| 954}. 9rOr16) 868250664|30.8869] 9.8443 
905 | 819025) 741217625|30.0832] 9.6727)| 055 912025} 870983875 30.9031} 9.8477 
906 | 820836] 743677416|30.0098] 9.6763|| 956 | 913936] 873722816|30.9192| 9.8511 
907 | 822649] 746142643|30.1164| 9.67990)| 957 | 915840] 8764674093/30.0354| 9.8546 
908 | 824464) 748613312/30.1330| 9.6834]| 958 | 917764| 879217912/30.9516| 9.8580 
909 | 826281] 751089420|30.1496| 9.6870] 959 | 910681] 881974079|30.9677| 9.8614 
910 | 828100] 753571000|30.1662| 9.6905]| 960 | 921600] 884736000]30.9839| 9.8648 


911 | 829921] 756058031|30.1828| 9.6941|| 961 | 923521] 887503681/31.0000| 9.8683 
912} 831744! 758550528)/30.1993| 9.6976)| 962 | 925444| 890277128/31.0161| 9.8717 
913 | 833569} 761048497|30.2159| 9.7012|| 963 | 927369} 893056347|31.0322| 9.8751 
914 | 835306] 763551944/30.2324| 9.7047|| 964 | 929206) 895841344/31.0483| 9.8785 
915 | 837225] 766060875|30.2490| 9.7082|| 965 | 931225] 898632125|31.0644| 9.88190 
916 | 839056] 768575296/30.2655) 9.7128}| 966 | 933156] 901428696|31.0805] 9.8854 
917 | 840889] 771095213|30.2820| 9.7153|| 967 | 935089] 904231063|31.0966| 9.8888 
918 | 842724] 773620632|30.2985| 9.7188)| 968 | 937024] 907039232/31.1127| 9.8922 
919} 844561] 776151550|30.3150] 9.7224]| 069 | 938061] 909853200|31.1288] 9.8956 
920 | 846400} 778688000]30.3315] 9.7250|| 970 | 940900] 912673000|31.1448] 9.8990 


921 | 848241| 781229961 |30.3480] 9.7294!' 971 | 942841] 915498611|31.1609] 9.9024 
922| 850084) 783777448|30.3645| 9.7320|| 972 | 944784| 918330048]31.1769| 9.0058 
923 | 851920] 786330467|30.3800| 9.7364!| 973 | 946729] 921167317|31.1929] 9.9092 
924. | 853776) 788889024|30.3074| 9.7400] 074 | 948676 924010424|31.2090] 9.9126 
925 | 855625) 701453125|30.4138] 9.7435|| 975 | 950625] 926850375|31.2250| 9.9160 
926 | 857476) 794022776/30.4302| 9.7470| 076 | 952576) 920714176|31.2410] 9.9194 
927 | 850329) 706597983/30.4467| 9.7505|| 977 | 954520] 932574833|31.2570| 9.9227 
928 | 861184) 799178752|30.4631| 9.7540) 978 | 950484) 935441352/31.2730| 9.9261 
929 | 863041| 801765089|30.4705) 9.7575|| 979 | 958441| 038313739|31-2800| 9.9205 
930 | 864900) 804357000/30.4959| 9.7610)| 980 | Q60400] 941192000]31.3050] 9.9320 


931 | 866761) 806954491|30.5123 9.7645) 981] 962361) 944076141|31.3209| 9.9363 
932 | 868624) 809557568/30.5287] 9.7680]| 982 | 964324] 946066168)31.3360] 9.9306 
933 | 870489] 812166237|30.5450] 9.7715|| 983 | 966280] 949862087|31.3528] 9.0430 
934 | 872356) 814780504)/30.5614] 9.7750 084] 968256| 952763904|31.3088| 9.9464 
935 | 874225| 817400375/30.5778| 9.7785)| 985 | 970225| 955671625/31.3847| 9.9407 
936 | 876096} 820025856|30.5041| 9.7819]| 986] 972196] 958585256|31.4006] 9.9531 
937 | 877060) 822656953|30.6105| 9.7854)| 987 | 974160] 961504803]31.4166| 9.9565 
938 | 870844] 825203672| 30.6268 9.7889) 988 | 970144! 964430272|31.4325] 9.9508 
939 | 881721) 8279360190|30.6431| 9.7924|| 989 | 978121) 967361669|31.4484] 9.9632 
940 | 883600] 830584000) 30.6594| 9.7050| 990] 980100] 970299000 31.4043] 9.9666 


941 | 885481) 833237621|30.6757] 9.7093|| 991 | 982081] 973242271|31.4802] 9.9 
942 | 887364] 835896888]30.6920| 9,8028)| 992 | 984064] 976191488/31.4960| 9.9 

943 | 889249] 838561807|30.7083] 9.8063|| 993 | 980049] 079146657/31.51190| 9.9766 
944 | 891136] 841232384|30.7246) 9.8097|| 904 | 988036] 982107784131.5278] 9.0 

945 | 803025] 843008625|30.7409] 9.8132\| 905 | 990025] 085074875]31.5436| 9.9833 
946 | 894016] 846590536|30.7571| 9.8167|| 996 | 992016] 988047936]31.5595| 9.9860 
947 | 896809) 840278123|30.7734| 9.8201|| 997 | 994000] 991026973|31.5753| 9.9900 
948 | 898704] 851971392|30.7896| 9.8236| 998 | 996004! 994011992/37.5911| 9.9033 
949 | go060r| 854670349/30.8058| 9.8270) 999 | 998001] 997002999|31.6070| 9.9967 
950 | 902500] 857375000]30.8221| 9.8305 |r000 |1000000] 1000000000]31.6228/10.0000 


776 GENERAL REFERENCE TABLES 


AREAS AND CIRCUMFERENCES OF CIRCLES FROM I TO I00 


Dia.| Area Circum. |/Dia.| Area Circum. (Dia. Area Circum. 
xz] 0.00077 | 0.098175 ||2 3.1416] 6.28319)/5 19.635 | 15.7080 
#z| 0.00173 | 0.147262 |] ps] 3.3410] 6.47953] qs] 20.129 | 15.9043 
zs| 0.00307 | 0.196350]] 4] 3-5466| 6.67588|) 4] 20.629 | 16.1007 
#z| 0.00690 | 0.294524] %5| 3-7583] 6.87223]| | 21-135 | 16.2970 
£| 0.01227 | 0.392699 || 4] 3.9761] 7.06858)} 4] 21.648 | 16.4934 
#z| 0.01917 | 0.490874|| 425] 4.2000] 7.26493]| zs] 22-166 | 16.6897 
qfs| 0.02761 | 0.589049 || #| 4.4301'| 7.46128]| 3] 22.691 | 16.886 
¥z| 0.03758 | 0.687223 || zz} 4.6064] 7.65763]| ys] 23.221 | 17.0824 
i 0.04909 | 0.785398|| 4] 4.9087] 7-85398]| 4] 23-758 | 17.2788 
a 0.06213 | 0.883573 || q5| 5-1572| 8.05033]| y5| 24.30r | 17.4751 
zs| 0.07670 | 0.981748|| &] 5.4119] 8.24668]| 8] 24.850 | 17.6715 
43] 0.09281 | 1.07992 || 44} 5.6727] 8.44303]| 44] 25.406 | 17.8678 
#| 0.11045] 1.17810 || 2] 5.9396] 8.63938]] #] 25.967 | 18.0642 
43] 0.12962 | 1.27627 || $8) 6.2126] 8.83573]] 43) 26.535 | 18.2605 
T5| 9-15033 | 1-37445 a 6.4918] 9.03208]| %| 27.109 | 18.4569 
43] 0.17257| 1.47262 || 48) 6.7771] 9.22843]| +3) 27-688 | 18.6532 
4 | 0.19635 | 1.57080 ||3 7.0686] 9.42478]|6 | 28.274 | 18.8496 
$3 0.22166] 1.66897 || qs] 7-3662] 9-62113|| | 29.465 | 19.2423 
15 0.24850 | 1.76715 i] 7.6699} 9.81748]| 4] 30.680 | 19.6350 
43) 0.27688 | 1.86532 || 3%) 7.9798] 10.0138 || $] 31.919 | 20.0277 
& 0.30680] 1.96350 || 4] 8.2958] 10.2102 |} 4] 33.183 | 20.4204 
$3 0.33824 | 2.06167 || 35} 8.6179! 10.4065 |] $| 34.472 | 20.8131 
ie 0.37122 | 2.15984 #| 8.9462] 10.6029 || $| 35.785 | 21.2058 
£31 0.40574] 2.25802 || 7s} 9.2806] 10.7992 || $| 37.122 | 21.5984 
#\ 0.44179 | 2.35619 4] 9.6211] 10.9956 |\7_ | 38.485 | 20-9915 
$3] 0.47937 | 2.45437 || as) 9-9678/rr-1919 || &] 39.871 | 22.3838 
1 0.51849] 2.55254 || $| 10.321 | 11.3883 || 4] 41.282 | 22.7765 
$5}-0.55914| 2.65072 || 44) 10.680 | 11.5846 |) $] 42.718 | 23.1692 
é 0.60132 | 2.74889 || #] 11.045 | 11-7810 || 4] 44.179 | 23-5619 
cy 0.64504| 2.84707 || 48) 11.416 | 11.9773 || $| 45-664 | 23.9546 
48] 0.09029 | 2.94524 || §| 11.793 | 12.1737 |] 4) 47-173 | 24.3473 
$2| 0.73708 | 3.04342 || 481 12.177 | 12.3700 |] $| 48.707 | 24.7400 
I_ | 0.78540] 3.14159 |l4 | 12.566") 12.5664 ||8 | 50.265 | 25.1327 
zs| 0.88664] 3.33794 || ys} 12.962 | 12.7627 || £) 51.849 | 25.5255 
8 | 0.99402 | 3.53429 || $] 13.364 | 12.9591 |] 4] 53-456 | 25.9182 
#s| I-1075 | 3.73064 || 34) 13-772 | 13-1554 || #| 55.088 | 260.3108 
$4] 1.2272 | 3.92699 || 4] 14.186 | 13.3518 || 4] 56.745 | 26.7035 
zs| I-3530 | 4.12334 || zs] 14-607 | 13.5481 || $] 58.426 | 27.0962 
$| 1.4849 | 4.31969 || $| 15.033 | 13-7445 || #] 60.132 | 27.4889 
zs] 1-6230 | 4.51604 || 7%] 15.466 | 13.9408 |} $] 61.862 | 27.8816 
B | 1.7671 4.71239 || 4| 15.904 | 14.1372 |l9 | 63.627 | 28.2743 
35] 19175 | 4.90874 || a5) 16.349 | 14.3335 |) $| 65-397 | 28.6670 
§| 2.0739 | 5.10509 116.800 | 14.5299 || 4] 67.201 | 29.0597 
44| 2.2365 | 5.30144 || 44) 17.257 | 14.7262 || $] 69.029 |.290.4524 
#/ 2.4053 | 5.49779 || #| 17.72 | 14.9226 || 4] 70.882 | 29.8451 
+$| 2.5802 | 5.69414 || 48] 18.190 | 15.1189 || &| 72.760 | 30.2378 
§| 2.7612 5.89049 || $| 18.665 | 15.3153 || #]| 74.662 | 30.6305 
43] 2.9483 | 6.08684 |] $8] 19.147 | 15.5116 Il £1 76.589 | 31.0232 


Dia. 
$ 
4 
3 
3 
8 
i 
$ 
It 
$ 
4 
8 
3 
& 
} 
& 
12 
$ 
4 
§ 
3 
& 
i 
13 


T 


4 
15 


CIRCLES THIEN 

AREAS AND CIRCUMFERENCES OF CIRCLES FROM I TO I00 
Area Circum. ||Dia.| | Area Circum. ||Dia.| Area Circum. 
78.540| 31.4159 ||r6 | 201.06 | 50.2655 |/22 380.13 | 69.1150 
80.516] 31.8086 || 4] 204.22 | 50.6582 || %| 384.46 69.5077 
82.516] 32.2013 }| 207.39 | 51.0509 || 4] 388.82 | 69.9004 
84.541] 32.5940 || 3] 210.60 | 51.4436 || 8] 393.20. | 79-2032 
86.590] 32.9867 4) 213.82) 51.8363 |) 4] 307-61 | 70.6858 
88.664} 33.3704 || 8 217.08 | 52-2290 || 8) 402.04 71,0785 
90.763 | 33.7721 3) 220.35 | 52.6217 ||| #| 400.49 | 71.4712 
92.886} 34.1648 || 4] 223.05 | 53.0144 || 4] 410.97 71.8639 
95-033} 34-5575 |t7 | 226.98 | 53-4071 ||23 415:48 | 72.2566 
97-205 | 34.9502 || 4| 230-33 | 53-7998]| | 420.00 | 72.6493 
99-402 | 35.3420 4] 233.71 | 54-1925 || 4] 424.56 | 73.0420 
ror.62 | 35-7356 || | 237-10 | 54-5852 || #} 429-13 | 73-4347 
103.87 | 36.1283 || 4) 240-53 | 54.9779 || 4| 433-74 | 73-8274 
106.14 | 36.5210 8| 243.98 | 55-3706 || 8) 438.36 | 74.2201 
108.43 | 36.9137 || #| 247-45 | 55-7633 || #| 443.01 74.6128 
110.78 | 37.3064 || $| 250.95 | 56-1560 || 4] 447-69 | 75.0055 
113.10 | 37.6991 ||r8 | 254.47 | 56.5487 |l24 | 452.39 75-3982 
115.47 | 38.0918 || $} 258.02 | 56.9414 || 3) 457-11 | 75-7909 
117.86 | 38.4845 || 4| 2601-59 | 57-3341 || 4) 461.86 76.1836 
120.28 | 38.8772 || $| 265.18 | 57.7268 #| 406.64 | 76.5765 
122.72 | 39.2699 4] 26850 | 58.1195 4) 471.44 | 76.9690 
125.19 | 39.6626 || 8| 272.45 | 58.5122 || | 476.26 77-3017 
127.68 | 40.0553 || 4) 276.12 | 58.9049 || Z| 481.10 | 77-7544 
130.19 | 40.4480 || 4) 279.81 | 59.2976 4 485.98 | 78.1471 
132.73 | 40.8407 ||c9 | 283-53 | 59-6903 ||25_| 490-87 | 78-5398 
135-30 | 41.2334 4| 287.27 | 60.0830 || 4] 495-79 78.9325 
137-89 | 41.6261 || }| 291.04 | 60.4757 || 4] 50°-74 | 79-3252 
140.50 | 42.0188 3) 294.83 | 60.8684 || $) 505-71 | 79-7179 
143-14 } 42.4315 4} 298.65 | 61.2611 4] 510.71 | 80.1105 
145.80 | 42.8042 §| 302.49 | 61.6538 || 8) 525-72 80.5033 
148.49 | 43-1969'|| 4] 306.35 | 62.0465 || 4) 520-77 80.8960 
1g1.20 | 43.5896 || 4] 310.24 | 62.4392 || 4] 525-84 81.2887 
153.94 | 43.9823 |20 | 314-16 | 62.8319 26 | 530-93 81.6814, 
156.70 | 44.3750 || #| 318.10 | 63.2246 |} 4%) 536.05 82.0741 
159-48 | 44.7077 1! 322.06 | 63.6173 4) 541.19 | 82.4668 
162.30 | 45.1604 || 3] 326.05 | 64.0100 || #] 546.35 82.8505 
105.13 | 45-5531 41 330.06 | 64.4026 |] 4] 551-55 | 83.2522 
167.99 | 45.9458 || | 334-10 | 64.7953 || 8] 556-76 | 83-6449 
170.87 | 46.3385 || 3] 338.16 | 65.1880 || #] 562.00 | 84.0376 
173-78 | 46.7312 || §| 342.25 | 65.5807 || $| 567-27 | 84-4303 
176.71 | 47.1239 |/21 | 346.36 | 65.9734 ||27 572.56 | 84.8230 
179.67 | 47.5166 || 4] 350.50 | 66.366r || 4) 577.87 | 85.2157 
182.65 | 47.9093 }| 354.66 | 66.7588 || 4) 583.21 | 85.6084 
185.66 | 48.3020 || #| 358.84 | 67.1515 || #]. 588.57 | 86.0011 
188.69 | 48.6947 || 4] 303.05 | 67.5442 || 4] 593-96 | 86.3938 
191.75 | 49.0874 || §| 367.28 | 67.9369 || 8} 599-37 | 86-7865 
194.83 | 49.4801 || #] 371-54 | 68.3296 || 9) 604.81 | 87.1792 
197.93 | 49.8728 Il 4] 375-83 | 68.7223 |_ §1 610.27 | 87.5719. 
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778 


GENERAL REFERENCE TABLES 


AREAS AND CIRCUMFERENCES OF CIRCLES FROM I TO I00 


Dia.} Area Circum. ||Dia.| Area Circum. |Dia.} Area Circum. 
28 | 615.75 | 87.9646/134 | 907.92] 106.814 |40 | 1256.6 | 125.664 
#| 621.26 | 88.3573]| 4) 914.61) 107.207 4] 1264.5 | 126.056 
4] 626.80 | 88.7500]] 4) 921.32] 107.600 | 4] 1272.4 | 126.449 
#| 632.36 | 89.1427]| #| 928.06| 107.992 3| 1280.3 | 126.842 
4| 637.94 | 89.5354]| 3} 934.82| 108.385 | 4] 1288.2 | 127.235 
#| 643.55 | 89.9281]] 8] 941.61} 108.788 | 3] 1296.2 | 127.627 
#| 649.18 | 90.3208]| #| 948.42| 109.170 3| 1304.2 | 128.020 
$| 656.84 | 90.7135|| 4%] 955.25] 109.563 $| 1312.2 | 128.413 
29 | 660.52 | 91.1062||35 | 962.11] 109.956 |41 | 1320.3 | 128.805 
4| 666.23 | 91.4989|} 4] 969.00} 110.348 | 4] 1328.3 | 129.198 
4| 671.96 | 91.8916]] 4) 975.91] 110.741 4) 1336.4 | 129.591 
8) 677.71 | 92.2843] 3] 982.84] 111.134 2| 1344.5 | 129.993 
4| 683.49 | 92.6770]] 4] 989.80] 111.527 4] 1352.7 | 130.376 
&} 689-30 | 93.0697|| 3) 996.78| 111.919 2] 1360.8 | 130.769 - 
2! 695.13 | .93.4624|| #2] 1003.8 | 112.312 2) 1369.0 | 131.161 
§| 700.98 | 93.8551]]  §| r010.8 | 112.705 $| 1377-2 | 131-554 
30 | 706.86 | 94.2478]136 | 1017.9 | 113.097 |42 | 1385.4 | 131.947 
%| 712.76 | 94.6405|| 4] 1025.0 | 113.490] 4] 1393-7 | 132.340 
4] 718.69 | 95.0332]} 4) 1032.1 | 113.883 | 4] 1402.0 | 132.732 
#| 724.64 | 95.4259] #/ 1039.2 | 114.275 | 3] 1410.3 | 133.125 
4| 730.62 | 95.8186|| 4/ 1046.3 | 114.668 | 4] 1418.6 | 133.518 
8] 736.62 -| 96.2113]] $| 1053.5 | 115.061 8| 1427.0 | 133.910 
31 742.64 | 96.6040]} | 1060.7 | 115.454 3) 1435.4 | 134.303 
$| 748.69 | 96.9967|| $/ 1068.0 | 115.846 | | 1443.8 | 134.696 
31_| 754-77 | 97-3894||37 | 1075.2 | 116.239 |43 | 1452.2 | 135.088 
4| 760.87 | 97.782r|] 4) 1082.5 | 116.632 | 4) 1460.7 | 135.481 
4} 766.99 | 98.1748] 4| 1089.8 | 117.024 | 4} 1469.1 | 135.874 
8| 773-14 | 98.5675|| $)/ 1007-1 | 117.417 | | 1477.6 | 136.267 
4| 779-31 | 98.9602|| 4} 1104.5 | 117.810 | 4} 1486.2 | 136.659 
#| 785.51 | 99.3529|| $| 1111.8 | 118.202 8! 1494.7 | 137.052 
2| 791-73 | 99-7456|| #| 1119.2 | 118.596 | 4) 1503.3 | 137-445 
$| 797-98 | 100.138 $/ 1126.7 | 118.988 | # 1511.9 | 137.837 
32 | 804.25 | 100.531 ||38 | 1134.1 | 119.381 |44 | 1520.5 | 138.230 
4} 810.54 | 100.924 #{/1141.6 | 119.773 | 4] 1529.2 | 138.623 
4| 816.86 | 101.316 4) 1149.1 | 120.166 | 4) 1537.9 | 139.015 
#) 823.21 | 101.709 2) 1156.6 | 120.559 | #| 1546.6 | 139.408 
4] 829.58 | 102.102 4] 1164.2 | 120.951 4] 1555-3 | 139-801 
#| 835.97 | 102.494 8) 1171.7 | 121.344 8) 1564.0 | 140.194 
#) 842.39 | 102.887 #) 1179-3 | 121-737 3) 1572.8 | 140.586 
$| 848.83 | 103.280 4| 1186.9 | 122.129 4 1581.6 | 140.979 
33 | 855.30 | 103.673 ||39 | 1194.6 | 122.522 |45 | 1590.4 | 141.372 
4| 861.79 | 104.065 4] 1202.3 | 122.915 | 4] 15993 | 141-764 
4| 868.31 | 104.458 4] 1210.0 | 123.308 | 4, 1608.2 | 142.157 
8] 874.85 | 104.851 8) 1217.7 | 123.700 | #| 1617.0°| 142.550 
4| 881.41 | 105.243 4) 1225.4 | 124.003 4] 1626.0 | 142.942 
8| 888.00 | 105.636 2/ 1233.2 | 124.486] 8] 1634.9 | 143.335 
#) 894.62 | 106.029 3) 1241.0 | 124.878 | 3 1643.9 | 143-728 
$1 gor.26 | 106.421 $1 1248.8 | 125.271 4 1652.9 | 144.121 


CIRCLES 


779 


AREAS AND CIRCUMFERENCES OF CIRCLES FROM’I TO 100 


Dia.| Area Circum. ||Dia.| Area Circum. ||Dia.} Area Circum. 
46 | 1661.9 | 144.513 |\52 | 2123.7 | 163.363 |[58 | 2642.1 | 182.212 
%| 1670.9 | 144.906 4| 2133.9 | 163.756 3] 2053.5 | 182.605 
4] 1680.0 | 145.299 4| 2144.2 | 164.148 |} 4) 2664.9 | 182.998 
$/ 1689.1 | 145.691 #] 2154.5 | 164.541 3} 2676.4 | 183.390 
3) 1698.2 | 146.084 |} 4] 2164.8 | 164.934 |) 4} 2687.8 | 183.783 
$| 1707.4 | 146.477 8] 2175.1 | 165.326 || 3! 2699.3 | 184.176 
§/ 1716.5 | 146.869 || 3) 2185.4 | 165.719 || $] 2710.9 | 184.569 
$| 1725.7 | 147.262 || §| 2195.8 | 166.112 |] $f] 2722.4 | 184.965 
47 | 1734-9 | 147.655 |'53 | 2206.2 | 166.504 |I59 | 2734.0 | 185.354 
4] 1744.2 | 148.048 || }| 2216.6 | 166.897 || 4] 2745.6 | 185.747 
4] 1753-5 | 148.440 |} 4] 2227.0 | 167.2090 |] 4} 2757.2 | 186.139 
$} 1762.7 | 148.833 8] 2237.5 | 167.683 || #| 2768.8 | 186.532 
4) 1772.1 | 149.226 || 4) 2248.0 | 168.075 3} 2780.5 | 186.925 
$| 1781.4 | 149.618 || 8} 2258.5 | 168.468 || 8! 2792.2 | 187.317 
#| 1790.8 | 150.011 #| 2269.1 | 168.861 #) 2803.9 | 187.710 
$| 1800.1 | 150.404 |] $| 2279.6 | 169.253 || 4} 2815.7 | 188.103 
48 | 1809.6 } 150.796 |54 | 2290.2 | 169.646 |]60 | 2827.4 | 188.496 
4} 1819.0 | 151.189 || 4] 2300.8 | 170.039 || 4} 2839.2 | 188.888 
4] 1828.5 | 151.582 4] 2311.5 | 170.431 4) 2851.0 | 189.285 
#| 1837.9 | 151.975 || $| 2322.1 | 170.824 || #} 2862.9 | 189.674 
$| 1847.5 | 152.367 || 4) 2332%8 | 71.217 || 4] 2874.8 | 190.066 
8} 1857.0 | 152.760 || | 2343.5 | 171.609 || | 2886.6 | 190.459 
4) 1866.5 | 153.153 |] #] 2354.3 | 172.002 || #| 2898.6 | 190.852 
4) 1876.1 | 153.544 || $] 2365.0 | 172.395 || 4] 2910.5 | 191.244 
49 | 1885.7 | 153.938 ||55 | 2375.8 | 172.788 ||6r | 2922.5 | 191.637 
$| 1895.4 | 154.331 %| 2386.6 | 173.180 || 4} 2934.5 | 192.030 
4] 1905.0 | 154.723 |} 4) 2307-5 | 173-573 || 4} 2946.5 | 192.423 
#} 1914.7 | 155-116 || 3| 2408.3 | 173.966 || 8] 2958.5 | 192.815 
3] 1924.2 | 155.509 4] 2419.2 | 174.358 || 4] 2970.6 | 193.208 
8] 1934.2 | 155.904 || $| 2430.2 | 174.751 |] | 2982.7 | 193.601 
#| 1943.9 | 156.294 || #] 2441.1 | 175.144 || 2} 2994.8 | 193.993 
4 1953-7 | 156.687 || 4] 2452.0 | 175.536 |] $| 3006.9 | 194.386 
5° | 1963.5 | 157.080 ||56 | 2463.0 | 175.929 ||62 | 3019.1 | 194.779 
8| 1973-3 | 157-472 || %| 2474.0 | 176.322 |] 4) 3031.3 | 195-171 
4, 1983.2 | 157.865 || 4] 2485.0 | 176.715 || 4! 3043.5 | 195-564 
#} 1993-1 | 158.258 || §| 2496.1 | 177-107 || #] 3055-7 | 195.957 
$| 2003.0 | 158.650 || 4] 2507.2 | 177.500 |] 4} 3068.0 | 196.350 
8] 2012.9 | 159.043 || §| 2518.3 | 177.893 |] 8! 3080.3 | 196.742 
#| 2022.8 | 159.436 || #| 2529.4 | 178.285 || 3) 3092.6 | 197.135 
4 2032.8 | 159.829 |} 4| 2540.6 | 178.678 || 3] 3104.9 | 197.528 
51 | 2042.8 | 160.227 |\57 | 2551.8 | 179.071 163 | 3117.2 | 197.920 
| 2052.8 | 160.614 || 4] 2563.0 | 179.463 || }| 3120.6 | 198.313 
| 2062.9 | 161.007 || 4] 2574.2 | 179.856 || 4) 3142.0 | 198.706 
8] 2073.0 | 161.399 || 3] 2585.4 | 180.249 |] | 3154.5 | 199.098 
3) 2083.1 | 161.792 || 4] 2596.7 | 180.642 |] 4] 3166.9 | 199.492 
8] 2093.2 | 162.185 8| 2608.0 | 181.034 2| 3179.4 | 199.884 
4] 2103.3 | 162.577 #| 2619.4 | 181.427 #| 3191.9 | 200.277 
41 2113-5 | 162.970 |) 2630.7 | 181.820 |! $1 3204.4 | 200.669 


780 


GENERAL REFERENCE TABLES 


AREAS AND CIRCUMFERENCES OF CIRCLES FROM I TO I00 


Dia.| Area Circum, ||Dia.| | Area Circum. ||Dia. 
64 | 3217.0 | 201.062 ||70 | 3848.5 | 219.911 |76 
4] 3229.6 | 201.455 || 3) 3862.2 | 220.304 || 43 
1|. 3242.2 | 201.847 || 4] 3876.0 | 220.697 || 4 
| 3254.8 | 202.240 || $| 3889.8 | 221.090 || § 
3) 3267.5 | 202.633 || 4] 3903.6 | 221.482 4 
8) 3280.1 | 203.025 8) 3917.5 | 221.875 g 
4] 3292.8 | 203.418 || #| 3931-4 | 222.208 2 
4 3305.6 | 203.811 || $| 3945-3 | 222.660 || § 
6s | 3318.3 | 204.204 ||7I_| 3959.2 | 223.053 |I77 
4) 3331-1 | 204.596 || $] 3973-1 | 223.446 || 3 
4) 3343-9 | 204.989 | 4| 3987.1 | 223.838 || 4 
| 3350.7 | 205.382 | #| 4oor.r | 224.231 z 
| 3369.6 | 205.774 4] 4015.2 | 224.624 4 
5) 3382.4 | 200.167 8) 4o29.2 | 225.017 8 
$) 3395.3 | 206.560 || 4] 4043.3 | 225.409 || 4 
4) 3408.2 206.952 4| 4057.4 | 225.802 $ 
66 | 3421.2 | 207.345 ||72 | 4071.5 | 226.195 ||78 
4) 3434-3 | 207-738 |] 8] 4085.7 | 226.587 || 
4) 3447.2 | 208.131 4| 4099.8 | 226.930 |} 4 
2| 3460.2 | 208.523 || 3] 4114.0 | 227.373 || # 
4| 3473-2 | 208.916 |} 4) 4128.2 | 227.765 || 4 
§| 3486.3 | 209.309 8) 4142.5 | 228.158 || 8 
8) 3499.4 | 209.701 #| 4156.8 | 228.551 3 
$| 3512-5 | 210.094 $ 4171.1 | 228.944 4 
67 | 3525-7 | 210.487 173 | 4185.4 | 229.336 |I79 
$] 3538.8 | 210.879 || 3) 4199.7 | 229.729 || & 
4| 3552.0 | 211.272 4) 4214.1 | 230.122 4 
8) 3505.2 | 211.665 8] 4228.5 | 230.514 || # 
4] 3578.5 | 212.058 4| 4242.9 | 230.907 4 
8| 3591-7 | 212.450 || 8) 4257-4 | 231.300 || & 
3) 3605.0 | 212.843 || #] 4271.8 | 231.692 || ¥ 
%| 3618.3 | 213.236 || $| 4286.3 | 232.085 4 
68 | 3631.7 | 213.628 |I74 | 4300.8 | 232.478 ||80 
4| 3645.0 | 214.021 ||. 4] 4315.4 | 232.872 || $ 
4| 3658.4 | 214.414 || 4] 4329.9 | 233.263 || 4 
3) 3671.8 | 214.806 || #3] 4344.5 | 233.656 || 3 
3] 3685.3 | 215.199 || 4] 4359.2 | 234.049 || 3 
8) 3698.7 | 215.592 || 8] 4373-8 | 234.44r || 8 
#| 3712.2 | 215.984 || 2) 4388.5 | 234.834 || # 
$| 3725-7 | 216.337 || $| 4403.1 | 235.227 || 
69 | 3739-3 | 216.770 |I75_| 4417.9 | 235.619 |/8x 
4| 3752.8 | 217.163 || 4] 4432.6 | 236.012 || 4 
4| 3766.4 | 217.555 || 4] 4447-4 | 236.405 || 4 
#| 3780.0 | 217.948 || #| 4462.2 | 236.798 || 3 
3) 3793-7 | 218.341 |] 4] 4477-0 | 237-190 || 3 
$) 3807.3 | 218.733 || 8] 4491.8 | 237-583 || 3 
4) 3821.0 | 219.126 |} #] 4506.7 | 237.976 || 2 
# 3834-7 | 219.519 Il #1 4521-5 | 238.368! § 


4536.5 
4551.4 
4566.4 
4581.3 
4596.3 
4611.4 
4626.4 
4641.5 
4656.6 
4671.8 
4686.9 
4702.1 
471743 
4732-5 
47478 
4763-1 
4778.4 
4793:7. 
4809.0 
4824.4 
4839.8 
4855.2 
4870.7 
4886.2 
4901-7 
4917.2 
4932-7 
4948.3 
4963.9 
4979-5 
4995.2 
5010.9 
5026.5 
5042.3 
5058.0 
5073.8 
5089.6 
5105-4 
5121.2 
5137-1 
5153-0 
5168.9 
5184.9 
5200.8 
5216.8 
5232.8 
5248.9 
5264.9 


Area Circum. 


238.761 
239-154 
239-546 
239-939 
240 332 
240.725 
241.117 
241.510 
241.903 
242.205 
242.688 
243.081 
243-473 
243.866 
244.259 
244.652 
245.044 
245.437 
245.830 
246.222 
246.615 
247.008 
247.400 
247-793 
248.186 
248.579 
248.971 
249.304 
249-757 
250.149 
250.542 
250.035 
251.327 
251.720 
252.113 
252.500 
252.898 
253.291 
253-084 
254.076 
254.469 
254.862 
255-254 
255.047 
250.040 
250.433 
256.825 
257.218 


CIRCLES 


781 


AREAS AND CIRCUMFERENCES OF CIRCLES FROM I TO I00 


Dia.) Area Circum. Dis: Area Circum. Dia. 
82 | 5281.0 | 257.611 |88 | 6082.1 | 276.460 04 
#| 5297-1 | 258.003 || 4] 6099.4 | 276.853 || 4 
4] 5313-3 | 258.396 |] 4) 6256-7 | 277.840 | 4 
#| 5329-4 | 258.789 || #| 6134-1 | 277.038 || $ 
4) 5345-0 | 259.181 4} 6151.4,| 278.031 4 
| 5361.8 | 259.574 §| 6108.8 | 278.424 g 
9) 5378.1 | 259.967 || #| 6186.2 | 278.816) # 
4] 5394-3 | 260.359 |] §) 6203-7 | 279.209 || & 
83 | 5410.6 | 260.752 |[8q | 6221.1 | 279.602 |95 
4| 5426.9 | 261.145 3] 6238.6 | 279.994 || $ 
4) 5443.3 | 261.538 || 4} 6256.1 | 280.387 |] 4 
| 5459.6 | 261.930 || $| 6273-7 | 280.780 || # 
4] 5476.0 | 262.323 || 4) 6291.2 | 281.173 |] 4 
5! 5492.4 | 262.716 || $| 6308.8 | 281.565 g 
2) 5508.8 | 263.103 3} 6326.4 | 281.958 || # 
$| 5525-3 | 203-501 4 6344.1 | 282.351 4 
84 | 5541.8 | 263.804 |l90 | 6361.7 | 282.743 196 
4] 5558.3 | 264.286 || 4] 6379.4 | 283.136 || & 
4] 5574.8 | 264.679 || 4| 6397-1 | 283-529 || 2 
| 5501.4 | 265.072 || #} 6414.9 | 283.921 || 
4] 5607.9 | 265.465 |] 4] 6434.6 | 284.314 || 
8| 5624.5 | 265.857 || 8) 6450.4 | 284.707 || & 
#| 5641.2 | 266.250 || #| 6468.2 | 285.100 || ¢ 
4) 5657.8 | 266.643 || 3] 6486.0 | 285.492 || 
85 | 5674.5 | 267.035 ligt | 6503.9 | 285.885 |107 
| 5601.2 | 267.428 || 4) 6521.8. | 286.278 |] $ 
4| 5707.9 | 267.821 || 4} 6539.7 | 286.670 || 4 
8) 5724.7 | 268.213 |] #| 6557.6 | 287.063 || # 
3) 5741.5 | 268.606 || 4| 6575.5 | 287.456 |] 4 
8| 5758.3 | 268.999 || 8] 6593.5 | 287.848 || 8 
3] 5775.1 | 269.392 || 3) 6611.5 | 288.241 || Z 
4] 5791.9 | 269.784 || $| 6629.6 | 288.634 || § 
86 | 5808.8 | 270.177 |lp2 | 6647.6 | 289.027 |08 
#| 5825.7 | 270.570 || 4) 6665.7 | 289.419 |] 4 
4} 5842.6 | 270.962 || 4) 6683.8 | 289.812 |} 4 
$| 5859.6 | 271.355 || #| 6701.9 | 290.205 || # 
4| 5876.5 | 271.748 || 4] 6720.1 | 290.597 || 4 
8) 5803.5 | 272.140 || 3] 6738.2 | 290.990 |] & 
#| 5910.6 | 272.533 || #| 6756.4 | 291.383] 2 
§| 5927.6 | 272.926 || &| 6774-7 | 291-775 |] $ 
87 | 5944-7 | 273-319 |193_| 6792.9 | 292.168 |l99 
4] 5961.8 | 273.711 || | 6811.2 | 292.561 || 
3| 5978.9 | 274.104 |] 4} 6829.5 | 292.954 |] 4 
8| 5096.0 | 274.497 || 8} 6847.8 | 293.346 |] & 
4) 6013.2 | 274.889 || 4] 6866.1 | 293.739 || 4 
8) 6030.4 | 275.282 81 6884.5 | 294.132 || & 
#| 6047.6 | 275.675 || 3| 6902.9 | 204.524 || ZF 
4! 6064.9 | 276.067 1 #! 6921.3 | 294.917" 


Area 


6939.8 


6958.2 
6976.7 
6995-3 
7013.5 
7932-4 
7O51.0 
7069.6 
7088.2 
7106.9 
7125.6 
7144.3 
7163.0 
7181.8 
7200.6 
7219.4 
7238.2 
7257-2 
7270.0 
7294-9 
73138 
7332.8 
7351.8 
73708 
7389.8 
7408.9 
7428.0 
7447-1 
7466.2 
7485.3 
7594-5 
7523-7 
7543-2 
4562.2 
7581-5 
7600.8 
7620.1 
7639-5 
7658.9 
7678.3 
7697-7 
7717-1 
9730.6 
7756.1 
7775-6 
7795-2 
7814.8 
7834.4 


Circum. 


295-310 
295.702 
296.095 
296.488 
296.881 
207-273 
297.066 
298.059 
298.451 
298.844 
299-237 
299.629 
300.022 
300.415 
300.807 
301.200 
301-593 
301.986 
302.378 
302.771 
303-164 
303-556 
393-949 
304-342 
304-734 
305.127 
305.520 
395-913 
306.305 
306.698 
307.091 
307-483 
307.876 
308.269 
308.661 
309.064 
309-447 
309.840 
310.232 
310.625 
311.018 
311.410 
311.803 
312.196 
312.588 
312.981 
313-374 
313-767 


782 


GENERAL REFERENCE 


TABLES 


AREAS AND CIRCUMFERENCES OF CIRCLES FROM 100 TO 1000 


Diam.| Area. 
100 7853.98 
Ior 8011.85 
102 8171.28 
103 8332-20) 
104 | 8404.87 
105 8659.01 
106 8824.73 
107 8992.02 
108 9160.88 
To9 | 9331.32 
110 9503.32 
1Ir 9676.80 
112 9852.03 
113 10028.75 
II4 10207.03 
115 10386.89 
116 10568.32 
117 | 10751.32 
118 | 10935.88 
11g I1II22.02 
120 | 11309.73 
r2r | 11499.01 
122 11689.87 
123 11882.29 
124 12076.28 
125 12271.85 
126 12468.98 
127 12667.69 
128 12867.06 
129 13009.81 
130 | 13273.23 
131 13478.22 
132 13684.78 
133 13892.91 
134 14102.61 
135 | 14313.88 
136 | 14526.72 
137 | 1474114 
138 | 14957-12 
139 | 15174.68 
140 15393.80 
141 15614.50 
142 15830.77 
143 16060.61 
144 | 16286.02 
145 16513.00 
146 | 16741.55 
147 16971.67 
148 17203.36 
149 17436.62 


Circum. 


314.16 
317.30 
320.44 
323-58 
320.73 
320.87 
333-01 
336.15 
339-20 
342.43 


345-58 
348.72 
351.86 
355-00 
358.14 
361.28 
364.42 
367.57 
370.71 
373.85 


376.99 
380.13 
383.27 
386.42 
3890.56 
392-70 
395.84 
398.98 
402.12 
405.27 


408.41 
411.55 
414.69 
417.83 
420.97 
424.12 
427.26 
430.40 
433-54 
430.68 


439.82 
442.96 
446.11 
449.25 
452.39 
455-53 
458.07 
461.81 
464.96 
468.10 


Diam. 


Area 


17671.46 
17907.86 
18145.84 
18385.39 
18626.50 
18869.19 
IQT13.45 
19359.28 
19606.68 
19855.65 


20106.19 
20358.31 
20011.99 
20867.24 
21124.07 
21382.46 
21642.43 
21903.07 
22167.08 
22431.76 


22608.01 
220965.83 
23235.22 
23500.18 
23778.71 
24052.82 
24328.49 
24605.74 
24884.56 
25164.04 


25440.90!) 
25730.43 
26015.53 
26302.20 
20500.44 
26880.25 
27171.63 
27464.59 
2775911 
28055.21 


28352.87 
28652.11 
28952.92 
20255.30 
29559.25 
29864.77 
3071.86 
30480.52 
30790.75 
31102.55 


477-52 
480.66 
483.81 
486.95 
490.09 
493-23 
4090.37 
499.52 


502.65 
505.80 
508.94 
512.08 
515-22 
518.36 
521.50 
524-05 
527-79 
530.93 


534.07 
537-21 
540.35 
543-50 
546.64 
540-78 
552.92 
556.06 
559.20 
562.35 


565.49 
568.63 
571-77 
574.901 
578.05 
581.19 
584.34 
587.48 
590.62 
593-76 


596.90 
600.04 
603.19 
606.33 
609.47 
612.61 
615.75 
618.89 
622.04 
625.18 


249 


Area 


31415.03 
31730.87 
32047-39 
32305-47 
32085.13 
33006.36 
33320.16 
33653-53 
33979-47 
34306.98 


34636.06 
34066.71 
35208.94 
35632.73 
35968.09 
36305.03 
36643.54 
36083.61 
37325.26 
37668.48 


38013.27 
38359-63 
38707.56 
39057.07 
39408.14 
309760.78 
4015.00 
40470.78 
40828.14 
41187.07 


41547-56 
41909.63 
42273.27 
42638.48 
43005.26 
43373-01 
43743-54 
44115.03 
44488.09 
44862.73 


45238.03 
45616.71 
45996.06 
40376.08 
46750.47 
47143.52 
47520.16 
47916.36 
48305.13 
48005.47 


| 


CIRCLES 


783 


AREAS AND CIRCUMFERENCES OF CIRCLES FROM I00 TO 1000 


‘Diam.| Area 
250 | 49087.39 
25r 49480.87 
252 | 49875.92 
253 $0272.55 
254 | 50670.75 
255 | 51070.52 
256 | 51471.85 
257 | 51874.76 
258 | 52270.24 
250 | 52685.29 
260 | 53092.92 
261 | 53502.11 
262 | 53912.87 
263 | 54325-21 
264 | 54739-I1 
265 | 55154-59 
266 55571-03 
267 | 55990.25 
268 56410.44 
269 | 56832.20 
270 57255-53 
271 57680.43 
272 58106.90 
273 | 58534.94 
274 | 58064.55 
275 | 59305-74 
276 | 50828.49 
277 60262.82 
278 | 606098.71 
279 | 61136.18 
280 | 61575.22 
281 | 62015.82 
282 62458.00 
283 62901.75 
284 | 63347.07 
285 | 63703-97 
286 | 64242.43 
287 | 64692.46 
288 | 65144.07 
289 | 65507.24, 
290 | 66051.90 
291 | 66508.30 
292 | 66966.19 
203 | 67425.65 
294 | 67886.68 
295 | 68349.28 
296 | 68813.45 
297 | 69279.19 
298 | 60746.50 
299 70215.38 


Circum. 


785.40 
788.54 
791.68 
794.82 
797-96 
801.11 
804.25 
807.39 
810.53 
813.67 


816,81 
810.06 
823.10 
826.24 
820.38 
832.52 
835.66 
838.81 
841.05 
845.09 


848.23 
851.37 
854.51 
857-05 
860.80 
863.04 
867.08 
870.22 
873.36 
876.50 


870.65 
882.79 
885.03 
889.07 
8092.21 
805.35 
898.50 
gor.64 
904.78 
907.92 


Q11.06 
Q14.20 
917-35 
920.49 
923.63 
926.77 
929.91 
933-05 
936.19 
939-34 


Diam. 


Area 


70685.83 
71157.86 
71631.45 
72106.62 
72583.36 
73061.66 
7354154 
74022.99 
74506.01 
74990.60 


75476.76 
75964.50 
76453.80 
76944.67 
77437-12 
77031.13 
78426.72 
78923.88 
79422.60) 
79922.90 


80424.77 
80928.21 
81433.22 
81939.30 
82447.06 
82957.68 
83468.98 
83981.84 
84406.28 
8502.28 


85520.86 
86049.01 
86560.73 
87092.02 
87615.83 
88141.31 
88668.31 
89196.88 
89727.03 
90258.74 


90792.03 
91326.88 
91863.31 
2401.31 
92040.88 
93482.02 
Bae eae 
94569.01 
5114.86 
95662.28 


Circum. || Diam. 
Pl Sees | |! ERS Sere 
942-48 || 350 
045-62 || 35% 
048.76 || 352 
951.90 || 353 
955-04 |) 354 
058-79 || 355 
961.33 || 356 
964.47 || 357 
967.61 || 358 
970-75 || 359 
973-89 || 360 
077.04 || 362 
980.18 || 362 
983.32 || 363 
986.46 364 
989.60 365 
992.74 || 366 
995.88 || 367 
999.03 || 368 
1002.17 369 
1005.31 || 370 
1008.45 || 371 
IOII.59 372 
1014.73 || 373 
1017.88 374 
102T.02 375 
1024.16 376 
1027.30 || 377 
1030.44 || 378 
1033-58 || 379 
1036.73 380 
1939-87 || 38 
1043.01 382 
1046.15 383 
1049.29 || 384 
1052.43 || 385 
1055.58 386 
1058.72 387 
1061.86 388 
1065.00 389 
1068.14 390 
1071.28 || 391 
1074.42 || 302 
1077-57 || 393 
1080.71 394 
1083.85 || 395 
1086.99 306 
1090.13 || 397 
1093.27 || 398 
1096.42 || 300 


Area 


96211.28 
96761.84 
97313-9097 
07867.68 
98422.96 
98979.80 
90538.22 
100008.21 
100659-77 
I01222.90 


101787.60 
102353.87 
102021.72 
103 491.13 
104062.12 
104634.67 
105208.80 
105784.49 
106361.76 
106940.60 


107521.01 
I08102.99 
108686.54 
109271.66 
109858.35 
110446.62 
IT1036.45 
111627.86 
112220.83 
112815.38 


113411.49 
I14009.18 
114608.44 
I1§209.27 
115811.67 
116415.64 
I17021.18 
117628.30 
118236.98 
118847.24 


119459.06 
120072.46 
120687.42 
121303.96 
I21922.07 
I22541.75 
I23163.00 
123785.82 
124410.2I 
125036.17 


Circum. 


1090.56 
1102.70 
1105.84 
1108.98 
III2.12 
1115.27 
II18.41 
IL21.55 
1124.69 
1127.83 


1130.97 
1134.11 
1137.26 
II40.40 
1143.54 
1146.68 
1149.82 
1152.96 
1156.15 
1159.25 


1162.30 
1165.53 
1168.67 
1171.81 
1174.96 
1178.10 
1181.24 
1184.38 
1187.52 
1190.66 


1193.81 
1196.95 
1200.09 
1203.23 
1206.37 
1209.51 
1212.65 
1215.80 
1218.94 
1222.08 


1225.22 
1228.36 
1231.50 
1234.65 
1237.79 
1240.93 
1244.07 
1247.21 
1250.35 
1253-50 


784 


GENERAL REFERENCE TABLES 


AREAS AND CIRCUMFERENCES OF CIRCLES FROM 100 TO I000 
Diam.| Area Circum.||Diam.| Area Circum. |/Diam.}| Area~ | Circum. 
ee — 

400 | 125663.71] 1256.64 |] 450 | 159043.13| 1413.72 || 500 | 196340.54| 1570.80 
4or | 126292.8r] 1259.78 || 451 | 150750.77| 1416.86 || 50r | 197%35.72| 1573-94 
402 | 126923.48] 1262.92 || 452 | 160459.90| 1420.00 || 502 | 197923.48| 1577.08 
403 | 127555-73] 1266.06 || 453 | 161170.77| 1423.14 || 503, | 198712.80| 1580.22 
404 | 128189.55| 1269.20 || 454 | 161883.13] 1426.28 || 504 | 199503.70| 1583.36 
405 | 128824.93] 1272.35 || 455 | 162507.05] 1429.42 || 505 | 200296.17| 1586.50 
406 | 129461.890] 1275.49 || 456 | 163312.55] 1432.57 || 500 | 20r090.20| 1589.65 
407 | 130100.42| 1278.63 || 457 | 164029.62| 1435.71 || 507 | 201885.8x| 1592.70 
408 | 130740.52| 1281.77 || 458 | 164748.26] 1438.85 || 508 | 202682.99] 1505.93 
409 | 131382.10| 1284.91 || 459 | 165468.47] 1441.99 || 509 | 203481.74)| 1599-07 
410 | 132025.43| 1288.05 || 460 | 166190.25| 1445.13 || 510 | 204282.06] 1602.21 
4II_ | 132670.24| 1291.19 || 46x | 166913.60] 1448.27 || 51x | 205083.05| 1605.35 
4I2 | 133316.63] 1294.34 || 462 | 167638.53] 1451.42 || 512 | 205887.42| 1608.50 
413 | 133064.58| 1207248 || 463 | 168365.02| 1454.56 || 513 | 200692.45| 1611.64 
414 | 134614.10] 1300.62 || 464 | 169093.08] 1457.70 || 514 | 207409.05| 1614.78 
415 | 135265.20] 1303.76 || 465 | 169822.72] 1460.84 || 515 | 208307.23] 1617.92 
416 | 135917.86] 1306.90 || 466 | 170553.92| 1463.98 || 516 | 209116.97| 1621.06 
417. | 130572.10] 1310.04 || 467 | 171286.70| 1467.12 || 517 | 209928.29| 1624.20 
418 | 137227.91] 1313.19 || 468 | 172021.05| 1470.27 || 518 | 210741.18] 1627.34 
419 | 137885.20] 1310.33 || 469 | £72756.97| 1473.41 || 519 | 211555.63| 1630.40 
420 | 138544-24| 1319.47 || 470 | 173404.45| 1476.55 || 520 | 212371.66] 1633.63 
421 | 139204.76] 1322.61 || 47% | 174233.51| 1479.00 || 521 | 2131809.26| 1636.77 
422 | 139806.85| 1325.75 || 472 | 174074.14| 1482.83 || 522 | 2144008.43| 1630.91 
423 | 140530.51| 1328.89 || 473 | 175716.35| 1485.97 |] 523 | 214829,17| 1643.05 
424 | I4I105.74] 1332.04 || 474. | 176460.12] 1489.11 || 524 | 21%565.49| 1646-19 
425 | 141862.54) 1335.18 || 475 | 177205.46] 1492.26 || 525 | 216475.37| 1649.34 
4260 | 142530.92] 1338.32 || 476 | 177952.37| 1495.40 || 526 | 217300.82| 1652.48 
427 | 143200.86] 1341.46 || 477 | 178700.86] 1408.54 || 527 | 218127.85| 1655.62 
428 | 143872.38] 1344.60 || 478 | 179450.91| 1501.68 || 528 | 218956.44| 1658.76 
429 | 144545-46] 1347.74 || 479 | 180202.54] 1504.82 || 529 | 219786.61| 1661.90 
430 | 145220.12] 1350.88 || 480 | 180955.74| 1507.96 || 530 | 220618.34| 1665.04 
43t | 145896.35| 1354.03 || 48x | 181710.50| r51x.11 || 53x | 221451.65| 1668.19 
432 | 140574.15| 1357-17 || 482 | 182466.84] 1514.25 || 532 | 222286.53] 1671.33 
433 | 147253-52| 1300.31 || 483 | 183224.75] 1517-390 || 533 | 223122.08] 1674.47 
434 | 147034.46| 1363.45 || 484 | 183954.23] 1520.53 || 534 | 223061.00] 1677.61 
435 | 148616.97] 1366.50 |] 485 | 184745.28] 1523.67 || 535 | 224800.59| 1680.75 
430 | 149301.05] 1369.73 || 486 | 185507.90] 1526.81 || 536 | 225641.75| 1883.89 
437 | 149986.70] 1372.88 || 487 | 186272.10] 1529.96 || 537 | 226484.48] 1687.04 
438 | 150673.03| 1376.02 || 488 | 187037.86] 1533.10 || 538 | 227328.79| 1690.18 
439 | 151362.72] 1379.16 || 489 | 187805.19] 1536.24 || 539 | 228174.66] 1693.32 
440 | 152053.08] 1382.30 || 490 | 188574.10] 1539.38 || 540 | 220022.r0] 1696.46 
441 | 152745.02| 1385.44 || 494 | 189344.57| 1542.52 || 541 | 229871.12| 1699.60 
442 | 153438.53] 1388.58 || 492 | 190116.62| 1545.06 || 542 | 230721.71| 1702.74 
443 | 154133.60] 1391.73 || 493 | 190890.24] 1548.81 || 543 | 231573.86] 1705.88 
444 | 154830.25] 1304.87 || 494 | 191605.43| 1551.95 || 544 | 232427.50] 1709.03 
445 | 155528.47| 1308.01 || 495 | 192442.18] 1555.09 || 545 | 233282.89] 1712.17 
446 | 156228.26] rgor.15 || 496 | 193220.51| 1558.23 || 540 | 2341%30.76| 1715.31 
447 | 156920.62| 1404.29 || 497 | 194000.41| 1561.37 || 547 | 234008.20| 1718.45 
448 | 157632.55| 1407.43 || 408 | 194781.89] 1564.51 || 548 | 235858.21| 1721.50 
449 | 158337.00] 1410.58 || 499 | 1095564.93| 1567.65 || 549 | 236710.70| 1724.73 


CIRCLES 


785 


AREAS AND CIRCUMFERENCES OF CIRCLES FROM I00 TO 1000 


Diam, 


Area, 


237582.04 
238447.07 
230313.96 
240181.83 
241051.26 
241922.27 
242704.85 
243608.99 
244544.71 
245422.00 


246300.86 
247181.30 
248063.30 
248046.87 
249832.01 
250718.73 
251607.01 
252400.87 
253388.30 
254281.29 


255175.86 
250072.00 
2569690.71 
2578068.90 
258769.85 
259072.27 
260576.26 
261 481.83 
262388.96 
263207.67 


264207.04 
265119.79 
266033.21 
266948.20 
267864.76 
268782.89 
269702.59 
270623.86 
271546.70 
272471.12 


273397-10 
274324.06 
275253-78 
276184.48 
277110.75 
278050.58 
278085.99 
279022.07 
280861.52 
281801.05 


Circum. 


1727.88 
1731.02 
1734.16 
1737-39 
1740.44 
1743.58 
1740.73 
1740.87 
1753.01 
1750.15 


1759.29 
1762.43 
1765.58 
1768.72 
1771.86 
1775.00 
1778.14 
1781.28 
1784.42 
1787.57 


1790.71 
1793-85 
1790.99 
1800.13 
1803.27 
1800.42 
1809.56 
1812.70 
1815.84 
1818.98 


1822.42 
1825.27 
1828.41 
1831.55 
1834.69 
1837.83 
1840.07 
1844.11 
1847.26 
1850.40 


1853.54 
1856.68 
1859.82 
1862.96 
1866.15 
1869.25 
1872.39 
1875.53 
1878.67 
1881.81 


‘Diam. 


Area 


2827.43.34 
283686.60 
284631.44 
285577-84 
286525.82 
287475-36 
288426.48 
280379-17 
290333-43 
291289.26 


292246.66 
203205.63 
294160.17 
295128.28 
296001.97 
207057.22 
298024.05 
298902.44 
299962.41 
300933.95 


301907.05 
302881.73 
303857.08 
304835.80 
305815.20 
306706.16 


397778.69} 


308762.79 
390748.47 
310735.71 


311724.53 
312714.92 
313700.88 
314700.40 
315695.50 
316692.17 
317690.42 
318690.23 
319091.61 
320604.56 


321699.09 
322705.18 
323712.85 
324722.09 
325732.89 
326745.27 
327750-22 
328774.74 
3207091.83 
330810.49 


Circum. | Diam. 

ae cea ER 
1884.06 || 650 
1888.10 |} 651 
1891.24 || 652 
1804.38 || 653 
1807.52 || 654 
1900.60 || 655 
1903.81 || 656 
1906.95 || 657 
I9QI0.09 || 658 
1913.23 || 6590 
1916.37 || 660 
1919.51 || 66 
1922.65 || 662 
1925.80 || 663 
1928.94 || 664 
1932.08 || 665 
1935-22 || 666 
1938.36 || 667 
1941.50 || 668 
1944.65 || 669 
1947-70 || 670 
1950.93 || 671 
1954.07 || 672 
1957-2E || 673 
1960.35 || 674 
1963.50 || 675 
1966.64 || 676 
1969.78 || 677 
1972.92 || 678 
1976.06 || 679 
1979-20 || 680 
1982.35 || 681 
(1985.40 || 682 
1988.63 || 683 
1991.77 || 684 
1904.91 || 685 
1998.05 || 686 
2001.19 || 687 
2004.34 || 688 
2007.48 || 689 
2010.62 || 690 
2013.76 || 691 
2016.90 || 692 
2020.04 || 693 
2023.19 || 694 
2020.33 || 605 
2029.47 || 696 
2032.61 || 6907 
2035.75 || 608 
2038.89 || 6990 


Area 


331830.72 
332852.53 
333875.00 
334900.85 
335927.30 
330055.45 
337985.10 
339016.33 
340049.13 
341083.50 


342110.44 
343150.05 
344106.03 
345236.69 
346278.91 
347322.70 
348368.07 
3494.15.00 
350463.51 
35151350 


352565.24 
353018.45 
354673.24 
355720-60 
350787.54 
357847.04 
358908.11 
359970.75 
301034.07 
362100.75 


363168.11 
364237-04 
365307-54 
366379.60 
367453-24 
368528.45 
369605.23 
370683.59 
371703.51 
372845.00 


373028.07 
375012.70 
376008.91 
377186.68 
378276.03 
379306.93 
380450.44 
381553-50 
382649.13 
383740.33 


Circum. 


2042.04, 
2045.18 
2048.32 
2051.46 
2054.00 
2057.74 
2000.88 
2064.03 
2067.17 
2070.31 


2073.45 
2076.59 
2079.73 
2082.88 
2086.02 
2089.16 
2092.30 
2005-44 
2098.58 
2101.73 


2104.87 
2108.01 
211.15 
2114.29 
2117.43 
2120.58 
2123.72 
2120.86 
2130.00 
2133-14 


2136.28 
2139.42 
2142.57 
2145.71 
2148.85 
2151-90 
2155-13 
2158.27 
2161.42 
2164.56 


2167.70 
2170.84 
2173.98 
2177.12 
2180.27 
2183.41 
2186.55 
2189.09 
2192.83 
2195.07 


786 


GENERAL REFERENCE TABLES 


AREAS AND CIRCUMFERENCES OF CIRCLES FROM 100 TO 1000 
EN eee ee heey 


Diam. 


Area 


384845.10 
335045-44 
387047.36 
388150.84 
389255.90 
390362.52 
391470.72 
392580.40 
3903691.82 
394804.73 


305010.21 
397035.26 
398152.89 
399272.08 
400302.84 
401515.18 
402630.08 
403764.56 
404891.60 
406020.22 


407150.41 
408282.17 
400415.50 
410550,40 
411686.87 
412824.91 
413004.52 
415105.71 
416248.46 
417392.70 


418538.68 
419686.15 
420835.19 
421085.70 
423137-07 
424201.72 
425447.04 
426603.04 
427762.40 
428922.43 


430084.03 
431247.21 
432411.05 
433578.27 
434746.16 
435915.62 
437080.64 
438250.24 
439433-41 
4406009.16 


Circum. 


2109.11 
2202.26 
2205.40 
2208.54 
2211.68 
2214.82 
2217.06 
2221.11 
2224.25 
2227.39 


2230.53 
2233.67 
2236.81 
2230.90 
2243.10 
2240.24 
2249.38 
2252.52 
2255.06 
2258.81 


2261.95 
2265.09 
2268.23 
2271.37 
2274.51 
2277.65 
2280.80 
2283.04 
2287.08 
2200.22 


2203.36 
2296.50 
2200.65 
2302.79 
2305.93 
2309.07 
2312.21 
2315.35 
2318.50 
2321.04 


2324.78 
2327.92 
2331.06 
2334.20 
2337-34 
2340.40 
2343.63 
2340.77 
2349.91 
2353.05 


IDiam.}| Area Circum. |/Diam, 
fF 

750 | 441786.47] 2356.19 || 800 
75 | 442065.35| 2350.34 || 8or 
752 | 444145.80| 2362.48 || 802 
753 | 445327-83] 2365.62 || 803 
754 | 446511.42| 2368.76 || 804 
755 | 447696.59| 2371.90 || 805 
756 | 448883.32] 2375.04 || 806 
757 | 450071.63| 2378.19 || 807 
758 | 451261.51| 2381.33 || 808 
759 | 452452.96| 2384.47 || 809 
760 | 453645.98| 2387.61 || 810 
76 | 454840.57| 2390.75 || 8rr 
762 | 456036.73| 2393.89 || 812 
763 | 457234.46| 2307.04 || 813 
764 | 458433.77| 2400.18 |] 814 
765 | 450634.64] 2403.32 || 815 
766 | 460837.08| 2406.46 || 816 
767 | 462041.10| 2409.60 || 817 
768 | 463246.69| 2412.74 || 818 
769 | 464453.84| 2415.88 || 819 
77° | 465662.57| 2419.03 || 820 
77t | 466872.87| 2422.17 || 821 
772 | 468084.74| 2425.31 || 822 
773 | 469208.18) 2428.45 || 823 
774 | 470513-19| 2431.59 || 824 
775 | 471720-77| 2434.73 || 825 
776 | 472047.92] 2437.88 || 826 
777 | 474167.65| 2441.02 || 827 
778 | 475388.94| 2444.16 || 828 
779 | 4766r1.81| 2447.30 || 829 
780 | 477836.24| 2450.44 || 830 
781 | 479062.25] 2453.58 || 831 
782 | 480289.83| 2456.73 || 832 
783 | 481518.97] 2459.87 || 833 
784 | 482749.69] 2463.01 || 834 
785 | 483981.98] 2466.15 || 835 
786 | 485215.84| 2469.29 || 836 
787 | 486451.28| 2472.43 || 837 
788 | 487688.28] 2475.58 || 838 
789 | 488926.85)] 2478.72 || 839 
790 | 490166.99] 2481.86 |] 840 
791 | 401408.71| 2485.00 || 841 
792 | 40265r1.990| 2488.14 || 842 
793 | 493896.85| 2491.28 || 843 
794 | 495143.28] 2494.42 || 844 
795 | 496391.27| 2497.57 || 845 
796 | 497640.84] 2500.71 || 846 
797 | 498801.98] 2503.85 || 847 
798 | 500144.69| 2506.99 || 848 
799 | 501308.97| 2510.13 || 849 


Area 


5§02654.82 
503012.25 
505171.24 
506431.80 
507693.94 
508057.64 
510222.92 
511489.77 
512758.19 
514028.18 


515209.74 
516572.87 
517847.57 
519123.84 
520401.68 
521681.10 
522062.08 
524244.63 
525528.76 
526814.46 


528101.73 
520390.56 
530680.97 
531072.95 
533266.50 
534501.62 
535858.32 
537156.58 
538456.41 
53975782 


541060.79 
542365-34 
543671.46 
544970.15 
546288.40 
547599.23 
548011.63 
550225.61 
551541.15 
552858.26 


554276.94 
555497-20 


§50819.02 
5581.42.42 
559467-39 
560793.92 
562122.03 
563451.71 
564782.96 
566115.78 


Circum. 


2513.27 
2510.42 
2519.56 
2522.70 
2525.84 
2528.98 
2532.12 
2535.27 
2538.45 
2541.55 


2544.69 
2547.83 
2550.07 
2554.11 
2557.26 
2560.40 
2563.54 
2566.68 
2569.82 
2572.06 


2576.15 
2579.25 
2582.39 
2585.53 
2588.07 
2501.85 
2504.06 
2598.10 
2001.24 
2604.38 


2607.52 
2610.66 
2613.81 
2616.95 
2620.09 
2623.23 
2626.37 
2620.51 
2632.65 
2635.80 


2638.04 
2642.08 
2645.22 
2648.36 
2651.50 
2654.65 
2657-79 
2660.93 
2664.07 
2667.21 


CIRCLES 


AREAS AND CIRCUMFERENCES OF CIRCLES FROM 100 TO 


787 


1000 


{ 


Diam.| Area Circum. 
850 | 567450.17| 2670.35 
85r |} 568786.14| 2673.50 
852 | 570123.67| 2676.64 
853 | 571462.77| 2679.78 
854 | 572803.45| 2682.92 
855 | 574145.69| 2686.06 
856 | 575489.51| 2689.20 
857 | 576834.90] 2692.34 
858 | 578181.85| 2605.49 
850 | 579530.38| 2698.63 
860 | 580880.48] 2701.77 
861 | 582232.15| 2704.01 
862 | 583585.39| 2708.05 
863 | 584940.20] 2711.19 
864 | 586206.59| 2714.34 
865 | 587654.54| 2717.48 
866 | 589014.07| 2720.62 
867 | 500375.16| 2723.76 
868 | 591737.83| 2726.90 
860 | 593102.06] 2730.04 
870 | 594467.87| 2733.19 
871 | 595835-25; 2736.33 
872 | 597204.20] 2730.47 
873 | 598574-72| 2742-01 
874 | 599040.81| 2745.75 
875 | 601%320.47| 2748.89 
876 | 602695.70] 2752.04 
877 | 604072.50] 2755.18 
878 | 605450.88] 2758.32 
879 | 606830.82| 2761.46 
880 | 608212.34| 2764.60 
881 | 609505.42| 2767.74 
882 | 610980.08) 2770.88 
883 | 612366.31| 2774.03 
884 | 613754.II| 2777-17 
885 | 615143.48| 2780.31 
886 | 616534.42| 2783.45 
887 | 617926.93| 2786.59 
888 | 619321.01| 2780.73 
889 | 620716.66|] 2792.88 
890 | 622113.89] 2796.02 
891 | 623512.68) 2799.16 
892 | 624913.04| 2802.30 
893 | 626314.98| 2805.44 
804 | 627718.49| 2808.58 
895 | 629123.56| 2811.73 
896. | 630530.21| 2814.87 
807 | 631038.43| 2818.01 
808, | 633348.22) 2821.15 
899 | 634759.58) 2824.29 


Diam. 


| 


Area, 


636172.51 
637587.0L 
639003.09 
640420.73 
641839.95 
643260.73 
644683.09 
646107.01 
647532-51 
648959.58 


650388.22 
651818.43 
653250.21 
654083.56 
656118.48 
657554.98 
658003.04 
660432.68 
661873.88 
663316.66 


 664761.01 
666206.92 
667654.41 
669103.47 
670554.10 
6720¢60.30 
673460.08 
674015.42 
670372.33 
677830.82 


679290.87 
680752.50 
682215.69 
683680.46 
685146.80 
686614.71 
688084.19 
689555.24 
691027.86 
692502.05 


693077.82 
695455-15 
696934.06 
698414.53 
699896.58 
701380.19 
702865.38 
704352.14 
705840.47 
797339.37 


Circum. 


2827-43 
2830.58 
2833-72 
2836.86 
2840.00 
2843.14 


2846.28 


2840.42 
2852.57 
2855.71 


2858.85 
2861.99 
2865.13 
2868.27 
2871.42 
2874.50 
2877.70 
2880.84 
2883.98 
2887.12 


2890.27 
2893.41 
2890.55 
2899.69 
2902.83 
2905-97 
2909.1L 
2912.26 
2015-40 
2918.54 


2921.68 
2024.82 
2927.96 
2031.1 
2034.25 
2937.39 
2040.53 
2043-07 
2940.81 
2049.96 


2053.10 
2950.24 
2050.38 
2962.52 
2965.66 
2968.81 
2971.05 
2975.09 
2078.23 
2081.37 


IDiam.} Area 
950 | 708821.84 
O51 | 710314.88 
952 | 711809.50 
953 | 713305-08 
954 | 714803.43 
955 | 726302.76 
956 | 717803.66 
957 | 719300.12 
958 | 720810.16 
959 | 722315.77 
960 | 723822.95 
96% | 725331-70 
962 | 726842.02 
963 | 728353.01 
964 | 7209867.37 
965 | 731382.40 
966 | 732899.01 
967 | 734417-18 
968 | 735936.93 
969 | 737458.24 
97° | 738981.13 
97 | 740505.59 
972 | 742031.62 
973 | 743559.22 
974 | 745088.30 
975 | 740619.13 
970 | 748151.44 
977 | 749685.32 
978 | 751220.78 
979 | 752757.80 
980 | 7542096.40 
98x | 755836.59 
982 | 757378.30 
983 | 758921.61 
984 | 760466.48 
985 | 762012.93 
986 | 763560.95 
987 | 765110.54 
988 | 766661.70 
989 | 768214.44 
999 | 769768.74 
99I | 771324.61 
992 | 772882.06 
993 | 774441.07 
904 | 770001.66 
995 | 777563.82 
996 | 770127.54 
997 | 780692.84 
998 | 782250.71 
999 | 783828.15 

Ito00 =| 785308.16 


Circum. 


2084.51 
2087.05 
2990.80 
2093.04 
2997.08 
3000.22 
3003.36 
3006.50 
3009.65 
3012.79 


3015.03 
3010.07 
3022.21 
3025.35 
3028.50 
3031.64 
3034.78 
3037.92 
3041.06 
3044.20 


3047.34 
3050.49 
3053.03 
3056.77 
3059.91 
3063.05 
3066.19 
3069.34 
3072.48 
3075.62 


3078.76 
3081.90 
3085.04 
3088.19 
3091.33 
3004.47 
3007.61 
3100.75 
3103.89 
3107.04 


3110.18 
3113.32 
3116.46 
3119.60 
3122.74 
3125.88 
3129.03 
3132.17 
3135.31 
3138.45 
3141.59 


788 


GENERAL REFERENCE TABLES 


CIRCUMFERENCES AND DIAMETERS OF CIRCLES 


Cir- 
cum. 


OO OI ANHWNHH 


” 


Diameter 


-3183 

-6366 

+9549 
1.2732 
1.5015 
1.9009 
2.2282 
2.5465 
2.8648 
3.1831 


3.5014 
3.3107 
4.1380 
4.4563 
4.7746 
5.0930 
5.4113 
5.7290 
6.0479 
6.3662 


6.6845 
7.0028 
7.3211 
7-0304 
7-9577 

.2761 
8.5044 
8.9127 
9.2310 
9.5493 


9.8676 
10.1859 
10.5042 
10.8225 
Ir.1408 
11.4592 
11.7775 
12,0958 
I2.414t 
12.7324 


13.0507 
13.3690 
13.6873 
14.0056 
14.3239 
14.64.23 
14.9606 
15,2789 
15,5972 
15.9155 


Diameter 


16.2338 
16.5521 
16.8704 
17.1887 
17.5070 
17.8254 
18.1437 
18.4620 
18.7803 
19.0986 


19.4169 
19.7352 
20.0535 
20.3718 
20.6901 
21.0085 
21.3268 
21.6451 
21.0034 
22.2817 


22.6000 
22.9183 
23.2366 
23-5549 
23.8732 
24.1916 
24.5009 
24.8282 
25.1465 
25.4048 


25.7831 
20.1014 
20.4107 
26.7380 
27.0503 
27-3747 
27.6930 
28.0113 
28.3200 
28.6479 


28.9662 
. 29.2845 
29.6028 
20.9211 
30.2304 
39.5577 
30.8761 
31.1044 
31.5127 
31.8310 


Cir- . Cir- . 

mint Diameter Gah Diameter 
IoL 32.1403 I51 48.0648 
102 32.4676 152 48.3831 
103 32.7859 153 48.7014 
104 33-1042 154 49.0107 
105 33-4225 155 49.3380 
106 33-7408 156 49.0563 
107 34.0592 157 49.0747 
108 34-3775 158 50.2030 
109 34.6958 I59 50.6113 
IIo 35-0141 160 50.9206 
IIL 35-3324 161 51.2479 
112 35-0507 162 51.5662 
113 35-9690 163 51.8845 
II4 36.2873 164 52.2028 
115 36.6056 165 52.5215 
116 36.9230 166 52.8304 
117 37-2423 167 53-1578 
118 37-5006 168 53-4765 
119 37.8789 169 53-7944 
120 38.1972 170 54.1127 
12I 38.5155 I7I 54-4310 
122 38.8338 172 54-7493 
123 39.1521 173 55-0076 
124 39-4704 174 55-3859 
125 39.7887 175 55-7042 
126 40.1070 176 56.0225 
127 40.4254 177 56.3408 
128 49.7437 178 56.6592 
120 41.0620 179 56.0775 
130 41.3803 180 57-2058 
13I 41.6086 181 57.6141 
132 42.0169 182 57-0324 
133 42.3352 183 58.2507 
134 42.0535 184 58.5690 
135 42.9718 185 58.8873 
136 43-2901 186 59.2056 
137 43-6085 187 59-5239 
138 43-9268 188 59.8423 
139 44.2451 189 60.1606 
140 44.5034 190 60.4789 
I4l 44.8817 Ior 60.7072 
142 45-2000 192 61.1155 
143 45.5183 193 61.4338 
144 45.8366 104 61.7525 
145 460.1549 195 62.0704 
146 46.4732 196 62.3887 
147 46.7916 107 62.7070 
148 47.1099 198 63.0254 
149 47.4282 199 63.3437 
150 47-7405 200 63.6620 


RECIPROCALS OF NUMBERS FROM I TO 1000 


RECIPROCALS 


789 


Reciprocal 


3.00000900 
«50000000 
+33333333 
25000000 
.20000000 
-16066667 
14285714 
-I2500000 
-IIQIIIILT 
-T0000000 


.09090909 
-08333333 
.07692308 
:07142857 
-06666667 
:06250000 
-05882353 
-05555550 
-05263158 
.25000000 


-04761905 
+04545455 
104347826 
.04166667 
{04000000 
-03846154 
+03 703704 
.03571420 
103448276 
:03333333 


.03225806 
103125000 
-03030303 
.02941176 
202857143 
-02777778 
102702703 
-02631579 
.02564103 
-02500000 


+02439024 
.02380952 
-02325581 
102272727 
.02222222 
-02173013 
.02127660 
.02083333 
.02040816 
«02000000 


No. 


Reciprocal || No. | Reciprocal || No. | Reciprocal 
.01960784 IOI .00990099 I5I .00662252 
.01923077 102 -00980392 152 -00657895 
-01886792 103 .00970874 153 -00653505 
-01851852 104 | .00961538 154 .02649351 
.01818182 105 -0095 2381 155 .00645 161 
-01785714. 106 260943396 156 .00641026 
-01754386 || 107 | .00934579 || 157 | .00636043 
«01724138 108 .00925926 158 -0063 2011 
-01694015 I0og | .00017431 159 -00628931 
-01666067 IIo | .cogogogr 160 || .00625000 
-01639344 IIt .0090090I 161 .00621118 
-O1612903 112 .00892857 162 .00617 284 
.01587302 113 .00884956 163 -00613407 
-01562500 II4 .00877 193 164 -00609756 
-01538461 115 .00869565 165 .00606065 
-OI5I5I51 116 .00862069 166 .00602410 
-01492537 117 .0085 4701 167 -00598802 
-01 470588 118 .00847458 168 .00595238 
-01440275 IIg | .00840336 169 -00591716 
-01428571 120 -00833333 170 .00588235 
-01408451 12r .008 26446 171 -00584795 
-01388889 122 .00819672 172 -00581305 
-01369863 123 -00813008 173 .00578035 
sO1351351 124 -008060452 174 -00574713 
-01333333 125 | .co800000 175 .00571429 
-O1315789 126 .0079305I 176 -00568182 
-01298701 127 .00787402 177 .©0564072 
-01282051 128 .00781250 178 -005617098 
.01265823 129 -00775104 179 -00558659 
«01250000 130 .00769231 180 :00555550 
-01234568 131 .00763359 r8r -00552486 
.O1219512 132 .00757576 182 .005409451 
-01204819 133 .00751880 183 -00546448 
.01190476 134 -00746269 184 -00543478 
-O1176471 135 -00740741 185 -00540540 
-O1162791 136 .00735204 186 -00537634 
01149425 || 137 | .00729927 || 187 | .00534750 
.01136364 138 -00724638 188 -00531914 
-O1123505 I39 | .00719424 189 | .00529100 
-OIIIIIII 140 | .00714286 190 | .00526316 
-O109890I I4I | .00709220 IOI -00523560 
.0T086956 142 +00704225 1902 -005 20833 
.01075269 143 .0069930L 193 .00518135 
.01063830 144 .00604444. 194 -00515404 
.0105 26032 145 .00689655 195 .00512820 
+01041067 146 -00684031 1096 .00510204 
«01030928 147 .00680272 107 .00507614 
«01020408 148 | .00675676 198 sOO505051 
,OIOIOIOL 149 | .00671141 199 | .00502513 
.01000000 150 -00666667 200 +00500000 


799 GENERAL REFERENCE TABLES 


RECIPROCALS OF NUMBERS FROM I TO 1000 


No. | Reciprocal || No. | Reciprocal || No. | Reciprocal || No. Reciprocal 


ar || 


201 -00497512 251 -00398406 301 +00332226 351 -00284900 
202 -00495049 252 -00396825 302 +00331126 352 .00284001 
203 -00492611 253 -00305257 303 +00330033 353 -00283 286 
204 «00490196 254 -00393701 304 +003 28947 354 .00282486 
205 | .00487805 255 +00392157 305 -00327869 355 100281690 
206 | .00485437 250 | .00390625 306 | .00326797 356 | .00280899 
207 .00483092 257 «00389105 307 .00325733 357 .00280112 
208 .00480769 258 -00387507 308 .00324675 358 100279330 
209 .00478469 259 -00386100 309 +00323625 359 200278551 
210 | .00476190 260 |} .00384615 310 | .00322581 360 | .00277778 


211 -00473934 261 -00383142 gir 100321543 361 +00277008 
ai2 -00471698 262 -03381679 312 +003 20513 362 .002'76243 
213 | .00469484 263 -00380228 313 .00319489 363 | .00275482 
214 .00467 299 264 | .00378788 314 | .00318471 364 | .00274725 
ais -00465116 205 -00377358 315 +00317460 365 -00273073 
216 .00462963 266 .00375940 316 .00316456 366 .00273224 
217 | .00460829 267 -00374532 317 «00315457 367 .00272480 
218 | .00458716 268 -00373134 318 | .00314465 368 -©0271739 
219 .00456621 260 -00371747 3190 +00313480 3690 .00271003 
220 | .00454545 279 | .00370370 320 | .00312500 370 | .00270270 


221 -00452489 271 +00369004 321 +00311526 || 372 -00269542 
222 -00450450 272 -00367647 322 +003 10559 372 -00268817 
223 -00448430 273 -00366300 323 -00300597 373 .00268096 
224 .00446429 274 .00364963 324 .00308642 374 .00267380 
225 -00444444 275 -00363636 325 -00307692 375 .00266667 
226 | .00442478 276 .00362319 326 -00306748 376 «00265057 
227 +00440529 277 .00361011 327 .00305810 377 -00265252 
228 -00438596 278 -00359712 328 .00304878 378 -00264550 
229 .00436681 279 .00358423 329 100303951 379 -00263852 
230 | .00434783 280 | .00357143 330 | .00303030 380 | .00263158 


231 | .00432900 281 .00355872 331 ,00302115 381 -00262467 
232 -00431034 282 -00354610 332 +00301205 382 .00261780 
233 | .00420184 283 100353357 333 «00300300 383 -00261097 
234 | .00427350 284 .00352113 334 «00290401 384 -00260417 
235 | .00425532 285 | .00350877 335 | .00208507 385 | .00259740 
236 -00423729 286 «00349650 336 .00297619 386 .00259067 
237 «00421941 287 -00348432 337 .002060736 387 -00258308 
233 | .00420168 288 «00347222 338 -00295858 388 -00257732 
239 | .00418410 289 | .00346021 339 | .00294085 389 | .00257069 
240 | .00416667 2900 | .00344828 340 | .00204118 390 | .00256410 


241 | .00414938 || 291 |. .00343643 || 341 | .00293255 || 301 | .oo25s754 
242 100413223 292 +00342466 342 +00292398 392 -00255102 
243 -O0411523 203 100341207 343 100201545 393 +00254453 
244 | .00409836 204 -003 40136 344 «00290698 394 -00253807 
245 | .00408163 205 -00338983 345. | .00280855 395 +00253165 
246 | .00406504 206 | .00337838 346 | .00289017 396 | .00252525 
247 | .00404858 207 +00336700 347 | .00288184 307 | .00251889 
248 | .00403226 298 | .00335570 348 | .00287356 398 | .00251256 
249 | .00401606 209 | .00334448 349 | .00286533 399 | .00250627 
250 | .00400000 300 | .00333333 350 | .00285714 400 | .00250000 
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RECIPROCALS 


RECIPROCALS OF NUMBERS FROM 100 TO 1000 


No. 


Reciprocal 


00240377 
.00248756 
-00248139 
.00247525 
100246914 
«00246305 
+00245700 
-0024.50098 
-00244409 
.00243902 


-00243300 
-00242718 
-0024213I 
-00241546 
.002400964 
-00240385 
.00239808 
.00230234 
.00238663 
.00238005 


-00237530 
.00236067 
.00236407 
-00235849 
00235204 
-00234742 
-00234192 
00233645 
+00233100 
.00232558 


-00232019 
-00231481 
+00230047 
-00230415 
.00229885 
00229358 
.00228833 
.00228310 
«00227790 
100227273 


-00226757 
.00226244 
-00225734 
.00225225 
-00224719 
-00224215 
.00223714 
-00223214 
100222717 
.00222222 


470 


47t 
472 


474 
475 


478 
479 


490 


491 
492 
493 
494 
495 
496 
407 
498 
499 
500 


Reciprocal 


.00221720 
.00221239 
.0022075I 
.00220264 
.00219780 
.00219208 
.00218818 
.00218341 
.00217865 
-00217301 


.00216920 
.00216450 
.00215983 
-00215517 
.00215054. 
100214592 
.00214133 
.00213675 
.00213220 
.00212766 


.00212314 
.00211864 
.00211416 
.00210970 
.00210526 
.00210084 
.00209644 
+00209205 
.00208768 
-00208333 


.00207900 
.00207469 
.00207039 
-00206612 
-00206186 
-00205761 
.00205339 
-00204918 
.00204499 
.00204082 


.00203666 
.00203252 
.00202840 
.00202429 
.00202020 
-00201613 
.00201207 
.00200803 
.00200401 
«00200000 


No, 


50r 
502 
$03 
504 
595 
506 
5°07 
508 
5°09 
510 


5Ir 
512 
513 
514 
515 
516 
517 
518 
519 
520 


52I 
522 
523 
524 
* 525 
526 
$27 
528 
529 
530° 


53t 
532 
533 
534 
535 
536 
537 
538 
538 
540 


541 
542 
543 
544 
545 
546 
547 
548 
549 
550 


Reciprocal 
CET Cee 


,0019g9601 
-00199203 
-00198807 
-00198413 
.00198020 
.00197628 
100197239 
.00196850 
.00196464 
.00196078 


-00195695 
-00195312 
.00194932 
-00194552 
-O0194175 
-00193798 
.00103424 
«00193050 
.00192678 
.00192308 


-00191939 
-OO1QI571 
-OO1QI205 
.00190840 
.00190476 
-OOIQOII4 
-00189753 
-00189394 
.00189036 
.00188679 


-00188324 
-00187970 
.00187617 
.00187 266 
.00186916 
.00186567 
.00186220 
.00185874 
-00185528 
.00185185 


.00184843 
.00184502 
.00184162 
.00183823 
.00183486 
.00183150 
,00182815 
.00182482 
.00182149 
.00181818 


791 
No. | Reciprocal 
551 .00181488 
552 | .oor8r159 
553 .00180832 
554 | .cor80505 
555 .00180180 
556 | .00179856 
557 | -00179533 
558 .OOT 79211 
559 -001 78891 
560 | .00178571 
561 .00178253 
562 .00177936 
563 | .00177620 
564 | .00177305 
565 .001 76901 
566 .001 76678 
567 .001 76367 
568 .001 76056 
569 | .00175747 
$7° -00175439 
571 | .0o175131 
572 -00174825 
573 | .00174520 
574 | .00174216 
575 | -00173913 
576 .00173611 
S77 -00173310 
578 | .00173010 
579 | .00172712 
580 .O0172414 
581 -OO17 2117 
582 | .oor7182t 
583 .OO171527 
584 .00171233 
585 .001 70940 
586 | .00170648 
587 | .00170358 
588 .001 70068 
589 | .00169779 
590 | .cor6949r 
50r .00169205 
502 .0o1 68919 
593 .00168634 
504 | .00168350 
505 .00168067 
596 | .00167785 
507 | .00167504 
598 | .00167224 
599 | .00166945 
600 | .00166667 


792 GENERAL REFERENCE TABLES 


RECIPROCALS OF NUMBERS FROM I TO I000 


No. | Reciprocal || No. | Reciprocal |} No. Reciprocal || No. | Reciprocal 


601 -00166389 651 -00153610 7OI -00142653 751 .00133156 
602 -00166113 652 -00153374 702 .00142450 752 .00132079 
603 -00165837 653 -OOT 53140 703, .00142247 753 -00132802 
604 00165563 654 +0015 2005 704 +00142045 754 -00132626 
605 | .00165289 655 +0015 2672 705 -O01 41844 755 -00132450 
606 .00165016 656 +0015 2439 700 +001 41643 756 -00132275 
607 -00164745 657 +001 52207 707 -OOT 41443 757 -00132I00 
608 -00164474 658 -OOI51975 708 -OOT 41243 758 .00131926 
609 | .00164204 || 659 | .cors1745 || 709 | .oorgr044 || 759 | .corgr752 
610 -00163934. 660 sOOIL5I515 7IO | .corgo845 760 -OO131570 


611 .00163666 661 -00151286 7II .001 40647 761 -00131406 
612 -00163309 662 -OOL§1057 712 -00140449 762 -O0131234 
613 -00163132 663 -001 50830 713 +00140252 763 .00131062 
614 -00162866 664. -00150602 714 +001 40056 704 .00130890 
615 -00162602 665 -00150376 415 .00139860 765 .OO130719 
616 -00162338 666 -OOI50150 716 -00139665 766 -00130548 
617 -00162075 667 -00149925 717 -00139470 767 .00130378 
618 | .cor6r812 668 | .cor4970r 718 |-.00139276 768 -00130208 
619 sOOIOH1551 669 -001 40477 719 -00139082 769 100130039 
620 | 00161290 670 +001 49254 720 | ,00r38889 770 .001 29870 


621 -OO161031 675 +001 49031 721 -00138696 Wes .001 29702 
622 -00160772 672 -00148809 722 -00138504 772 +001 20534 
623 .OO160514 673 -00148588 723 -00138313 773 .001 29306 
624 | .00160256 674 -00148368 724 | .cor3812r 774 | .00t29199 
625 -00160000 675 -00148148 725 -00137031 775 .001 29032 
626 -001590744 676 -00147929 726 -00137741 776 .001 28866 
627 -00159490 677 .00147710 727 .00137552 777 .001 28700 
628 -00159236 678 -00147493 728 -00137363 778 «00128535 
629 | .cors8o82 679 -00147275 729 -0013 7174 779 +001 28370 
630 | .00158730 680 | .cor47059 732 | .00136086 780 | 00128205 


631 -00158479 681 -001 46843 731 -00136799 781 -001 28041 
632 .00158228 682 -001 46628 732 .00136612 782 .00127877 
633 -00157978 683 -00146413 733 -00136426 783 .00127714 
634 | -00157720 684 -O01 46199 7134 -00136240 784 -001 27551 
635 -00157480 685 -00145985 735 -00136054 785 .001 27388 
636 | .00157233 6386 -00145773 730 -00135870 786 -00127226 
637 -001 56986 687 .00145560 137 -00135685 787 -00127065 
638 | .00156740 688 | .00145349 738 | .cor35sor 788 | .00126904 
639 -001 56404 689 .O01 45137 739 -00135318 7890 +001 26743 
640 | .00156250 690 -00144927 740 -00135135 790 .001 26582 


641 -001 56006 6or -00144718 741 -00134053 701 -001 26422 
642 -00155763 692 .00144509 742 -00134771 702 -001 26263 
643 -OO1§5521 693 +00144300 743 -00134589 703 -001 26103 
644 | .o0r55279 || 604 | .cor44oo2 || 744 |. .0or34409 || 704 | .oor25045 
645 | .00155030 605 -00143885 745 -00134228 705 .001 25786 
646 | .00154790 696 | .00143678 740 | .00134048 706 -00125628 
647 | .oors4559 || 607 | .c0r43472 || 747 | .00133869 || 707 | .co125470 
648 | .co1s4321 698 | .00143266 748 | .00133690 708 +001 25313 
649 | .00154083 699 | .00143061 749 | .0O1335I1 7090 | .00125156 
650 | .00153846 Joo | 00142857 750 | .00133333 800 | -00125000 
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REcIPROCALS OF NUMBERS FROM I TO I000 


No. | Reciprocal || No. |~Reciprocal || No. | Reciprocal || No, | Reciprocal 


801 00124844. 851 .OOLT7500 gor ,0OTLO988 Q5I | .0O105152 
802 .001 24088 852 .OOL17371 go2 .OO1 T0865 952 | .ocoroso42 
803 .00124533 || 853 00117233 || 903 .00110742 ||} 053 | .00104932 
804, -00124378 || 854 -00TL7096 || 904 soorro6rg || 054 | .coro4822 
805 00124224 || 855 s00116950 || 905 +OOL 10407 955 | ,0o1o47 12 
806 .00124069 || 856 -001 16822 906 ,O0L10375 956 | .co104602 
807 .001 23016 857 .001 10686 907- sOOTIO254. 957 | .00T04493 
808 .00123762 858 ,00LL6550 || 908 -OOTLOT32 958 | .00104384 
800 .00123600 850 sOO116414 900 .OOTLOOLL 959 | .00104275 
810 400123457 || 860 00116279 || 910 .00109890 ||} 960 | .oor04167 


rx .00123305 || 861 ,0orr6r44 || Orr -00109769 || 961 | .coro4go58 
812 «00123153 862 .OOT 16009 gr2 .00109649 962 | .00103950 
813 .001 23001 863 .OO11 5875 913 -00109529 963 | .00r03842 
8r4 .00122850 || 864 sOOLIL57 414 Or4 .0OTOQ400 964 | .00103734 
815 .00122009 || 865 .OO1L 5607 O15 100109290 || 965 | .00103627 
816 .001 22540 866 ,OO115473 016 .00r0g9t70 || 966 | .00103520 
817 .00122309 867 .OOTI5340 Ol7 -OOTOQOSI 967 | .00r03413 
818 .00122249 || 868 ,OOI11L5207 918 .00108032 968 | .00103306 
810 .00122100 || 860 ,OOTI5075 || O19 .ooro88r4 || 969 | .coro3199 
820 ,OOT2IQ5I 870 -OO1 14042 920 .00108690 970 | .00103003 


821 0021803 || 871 soorr48rr || o2r .00108578 || 971 | .0o102987 
822 .00121654 872 -00114679 022 -00108460 972 | ,coro288x 
823 -OO1 21507 873 -OOLI4547 923 .00108342 973 | .00102775 
824 100121350 || 874 -OOTT 4416 || 924. .00108225 || 974 | .00102669 
825 .OOT 21212 875 .00114286 925 .00108108 975 | 00102564 
826 ,00121065 876 sOOTT4I55%|| 026 -OOL07901 976 | 00102450 
827 -001209019 || 877 sOO1T 4025, || 927 .00107875 ||*977 | .00102354 
828 -00120773 || 878 .00113805 928 .00107759 || 978 | ,oor02250 
820 -00120627 || 879 .00113706 || 920 .00107643 || 979 | .co102T45 
830 .00120482 880 .00113636 || 930 .00107527 980 | .coro204r 


831 .001 20337 88r .00113507 O31 ,OOTO74IL 981 | .0o101937 
832 .OO1 20192 882 -00113379 || 932 .00107 206 982 | .cor101833 
833 .00120048 || 883 sO0113250 || 933 .OOL07 181 983 | .coror729 
834 sOOL 19904 884. -OO113122 034. -00107066 984 | .coror626. 
835 .00119760 || 885 -00T12904 || 03 .0010605 2 985 | .co101s23 
836 00119617 || 886 .00112867 || 936 .00106838 || 986 | .co101420 
837 .00119474. || 887 .OOL1 2740 037 .00100724 087 | .oor013t7 
838 .00119332 || 888 .OO112613 || 938 .00106610 || 988 | .coror21§ 
839 ,oorrgr89 || 889 .00112486 || 930 .00100496 || 989 | .cororr12 
840 s00119048 890 .0O112360 || 940 .00106383 990 | .corororo 


84r .00118906 || 80r .00112233 O41 .00106270 || 991% | .coroogo8 
842 .00118765 802 .00112108 || 942 .00106157 992 | .corco$06 
843 -00118624 || 803 sOO111952 || 943 .00106044 || 993 | .coroo705 
844 .00118483, 804 -OO111857 044 ,00105032 904 | .corvcbo4. 
845 -00118343 805 -OOLI1732 || 945 .00105820 || 995 | .coIoos5o2 
846 .00118203 806 .OOTI 1007 946 .00105708 9906 | .cor00402 
847 -001 18064. 807 sOOTT 1483 947 ,OOTO5507 907 | .coroo30r 
848 sOOTI7024 898 -OO1T13590 948 s00105485 998 | .c0100200 
840 .00117780 800 ,OOTIT1235 949 100105374 || 999. | .coroor0o 
850 ,00117647 || 900 -OOLIIIIL || 950 +00105263 ||1000 | .co100000 


AUTOMOTIVE 


Automotive Data 


Considerable information relating to automotive practice will be 
found in other sections, as it seems best to put S.A.E. threads, bolts, 
nuts, steels, etc. with other data on the same subject. This section 
is entirely automotive material although it by no means represents 
all the information on automotive subjects. 


TaBLe 1.—Tests of Stup Hores with Dirrerent DEprus oF 


THREADS 
Pitch Diam. yr X 18 Studs d B 
! 4 a2} 
Belen t ier d aaieay | @ g | 2. 
& a 0%] S48 | tox aI gu 
i I g Pat Aan a Oy = in 5 g n 
g # Awe! ls |aag ‘" HIM Hs % 
g | 6 (S84) Sg |] sae g Ge | em § 
a4 ° aa |e oc ae go Ls 
2 | 6 |f8e| 83 | baa ae | ae 3 
a ap a am | a a iq = 4 
0.282 |0.278 |o,004 |0.257 75 Cast iron |3,800] 6,000] Stud broke 
0. 2775|0.278 0.257 | 75 |Castiron |3,850] 6,450} Stud broke 
0,282 |0.278 |0,004 [0.2656] 65 | Castiron |3,950] 6,025] Stud broke 
0,2775|0.278 0.2656] 65 Cast iron |2,325] 5,525] Stud broke 
0.2775|0.278 0.272 | 56 | Castiron |3,750| 6,600} Stud broke 
0.2775|0.278 0.277 49 Cast iron  |3,500] 5,950} Stud broke 
0.2775|0.278 0.2812] 43 Cast iron |2,700] 5,700} Stud broke 
0. 2815]0.278 |0.0035]0.2812| 43 Aluminum |2,800] 5,850] Stud broke 
0.281 |0.278 |o,003 |o.2812} 43 | Aluminum |2,400] 5,850] Stud broke 
0.278 |0.278 0.2812] 43 Aluminum |3,200] 5,450] Stud broke | 
Ys X 14 Studs 
0.3937/0.3027/0.001 |o.307 43 | Aluminum /6,r150] 9, 400] Stud broke 
0. 3937|0.3927/0.001 |0.307 43 | Aluminum |7, 500/10, 000} Stud broke 
$ X 13 Studs 
0.453 |0.453 0.4531| 47 | Cast iron 16,750] Stud broke 
$ X 20 Studs 
0 4601/0, 4601 0.4531| 72 Mall. iron 17,410] Stud broke 
0.46010. 4601 0.475 39 Mall. iron 17,025] Stud broke 
0,4685}0.408 |0.0005|0.475 39 Mall. iron t7,000] Threads 
strippe 
in holed 
due tobad 
material 
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FORMULA FOR FINDING ROOT WIDTH OF SPLINEWAYS 


The ioflowme forcmecia will be foemd useinl for caleniating the 
root width of splmeways om splimed <hefts- 


Zz, 
+. Se Ee > Ee 
of spimeway. 
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SPLINES 799 
Aand B are nominally equal 
At8= Depth of Cut 
Ci7 Hole and Din Shatt may be made as desired 
by each individual manufacturer beyond 
PUTMAN aR FRARITIUITI OS SPECT Bed int table. 
N= Number of Serrations 
SERRATED SHAFT Firtincs—S. A. E., 1922 
STRAIGHT TYPE 
(All Dimensions in Inches) 
Hoe SHAFT 
Pircu 
pie sane Sueithia lee Small Outside 
Tash deg.| deg. Large Diam. Diam. Inside 
Diam. Diam. 
Min. Max. 
Max.| Min. Max.} Min. | Max.] Min. 
& Jo.122/0.120}] 36 | 90 | 80 | 0.125|0. 118]o. 117|0. 124|0. 123] 0.116 
zs |O.182]0.180] 36 | 90 | 80 } 9.187]0.176]0.175/0.186}0. 185] 0.174 
4 lo. 243])0.241| 36 | 90 | 80 | 0.250]0.235/0.234/0. 2490/0. 248] 0.233 
Ys |0.303/0.301] 36 | 90 | 80 | 0.312/0.293/0.292/0.311]0.310] 0.201 
$ |0.363]/0.361] 36 | 90 | 80 | 0.375/0.352/0.351/0.374/0.373] 0.350 
3% |0.485]0.483] 36 | 90 | 80 | 0.500]0. 469]0. 468]/0. 4990/0. 498] 0.467 
& |0.605]0.603] 36 | 90 | 80 | 0.625]0.584/0.583]0.624]0.623] 0.584 ° 
£ |0.733/0-731| 48 | 90 | 823] 0.750/0.716/0.714/0.749/0.747| 0.713 
t 0.855/0.853| 48 | 90 | 823] 0.875]0.835|0.833|0.874|0.872] 0.832 
I 0.977|0.975] 48 | 90 | 824] 1.000/9.954/0.952/0.999/0.997] 0.951 
It 1r,098]1.096] 48 | 90 | 823) I.125|1.071|1.069|1.124)1.122] 1.068 
1} 1.220/1.218} 48 | 90 | 824] I.250/1.190/1.188/1.249/1.247| 1.187 
IZ |1.342/1.340] 48 | 90 | 823] 1.375]1.309]1.307/1.374]1.372| 1.306 
Ix |1.464|/1.462] 48 | 90 | 823) 1.500/1.428|1.426/1.4090]1.497| 1.425 
ri |1.708]1.706] 48 | 90 | 824) 1.750/1.666|1.664|1.749/1.747| 1.663 
2 T.952|T.0949] 48 | 90 | 824] 2.000]1.904|1.902|1.999/1.997| 1.901 
2t 2.196|2.193| 48 | 90 | 823] 2.250|2.142/2.140/2.249|2.247| 2.139 
5 2.440|2.437| 48 | 90 | 824] 2.500|2.380|2.378]2.400|2.497| 2.377 
23 |2.684|2.681] 48 | 90 | 824] 2.750|2.618|2.616/2.740|2.747| 2.615 
3 2.928|2.925| 48 | 90 | 823] 3.000/2.856/2.854|/2.990|2.907| 2.853 
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Aand B are nominal eqvalatlarge Ered On| 
AB popthokoe os y 
H Cin elrand Din Shaft may be rade as desired 
| by each individual manutacturer beyond minimuny 


and maximum as speci fied 17 tai 
WN=>Number of Serratrons 
Length of Full Serration on Shatt «Norma! Diem, 


SERRATED SHAFT Firrrincs—S. A. E., 1922 
TAPER TYPE 
(All Dimensions in Inches and Apply to Large End of Taper Only) 


Hoe SHAFT 
Pitcnu 

Nort DEN: Gy) ||, Small Outside 
Pinch. deg.| deg. Large Diam. Diam. Inside 
Diam} i 7s) esa 
Min. Min. 

Max.] Min. Max.} Min. | Max.] Min. 

a Ae Nb EY 
} 0, 485|0. 483] 36 | 90 | 80 | 0.500]0. 469]0. 468]0. 490]0. 408] 0.467 
§ 0.605]0.603] 36 | 90 | 80 | 0.625]0.584]0.583]0.624/0.623| 0.582 
2 0.733]0.731| 36 | 90 | 80 | 0.750]0.716]0.714]0.740]0.747| 0.713 
k 0.855]0.853}] 36 | 00 | 80 | 0.875]0.835]0.833]0.874]/0.872| 0.832 
I 0.97710.975} 36 | 90 | 80 | 1.000]0.954]0.952/0.909]0.907] 0.951 
1} 1,008|1.096] 36 | 90 | 80 | £.125]r.071]1, 060]1.124|1.122] 1,068 
1} I,220/1.218] 36 | 90 | 80 | I.250}/1.100]1.188}1.240|1.247| 1.187 
1} I.342]1.340] 36 | 90 | 80 | 1£.375]0.300]1.307/1.374|1.372] 1.306 
t+ I.404]1.462] 36 | 90 | 80 | I.500]/1.428]1.426]1.490|1.407] 1.425 
1} I.708/1.706] 36 | 90 | 80 | 1.750]/1.666]1.664]1.749|0.747] 1.663 
2 1.952/1.940] 48 | 90 | 824] 2.000]1.904]1.902]/1.9090|1.907| 1.001 
2y 2.196/2.193] 48 | 90 | 82}] 2.250/2.142]2.140|2.240]/2.247| 2.130 
24 |2.440/2.437| 48 | 90 | 824] 2.500)/2.380|2.378]2.499|2.407| 2.377 
9 2.084/2.681) 48 | 00 | 823] 2.750)2.618/2.616|2.749]/2.747| 2.615 
3 2.928/2.025| 48 | 90 | 823] 3.000/2.856]2.85412.990|2.907] 2.853 


Automobile Engine Pistons 


Aluminum Alloy.—The main advantage of the aluminum or 
other light-alloy piston lies in its light weight, which is approxi- 
mately half that of cast iron, on the average. The head conducts 
heat more rapidly than cast iron, but the metal is not so good for 
a wearing surface. 

Clearance-—Many aluminum pistons have the skirt split at a 
slight angle, to allow for expansion; the angle prevents leaving a 
ridge in the cylinder. The clearance is about the same as for cast 
iron, o.oor inch per inch of cylinder diameter, for water-cooled 
engines. The clearance of the top land is 0.005 inch, the second 
and third, 0,003 to 0.004 inch per inch of diameter. 
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Ring Fits —The clearance recommended for the piston rings in the 
groove is from 0.001 to.o.oors inch. ‘This can be measured with a 
feeler. The gap in the ring is the same as for cast-iron pistons. 

Machining.—Aluminum pistons are usually rough turned with- 
out lubricant at from 400 to 500 surface feet per minute. A cut 
gz inch deep and a feed of 0.025 inch per revolution are good 
practice. Tool should be keen and have about 15-degree top rake, 
about the same side clearance and 5-degree face clearance with a 
slightly rounded corner. Diamonds are sométimes used in finishing. 

Grooves are cut with a parting tool, as close to the tool post as 
possible, and with plenty of side clearance. Top rake about 15 
degrees and front clearance about 5 degrees. For roughing the 
grooves, run at 300 feet per minute and leave 0.005 inch on each 
side for finishing. Stone the tool carefully and run at soo feet per 
minute. 

Piston-Pin Holes,—Piston- or wrist-pin holes should be bored 
with from 0.003 to 0.005 inch left for reaming. 

Grinding is recommended for finishing a 40-crystolon wheel or 
its equivalent, being used with a lubricant of one part kerosene and 
two parts mineral lard oil. If finished with a tool, use 500 feet per 
minute and o.o10- to o.or5-inch feed per revolution with tool point 
flat enough to cover feed. 

Gap or Clearance between Ends.—Piston rings should clear the 
cylinder bore and have a proper gap between the ends. It is better 
to have gaps too large than too small. Rings having an angle cut 
should have o.002-inch gap per inch of diameter for the top ring, 
half this for the second ring and about 0.00075 inch per inch of diam- 
eter for the third ring. Some fit the lower rings and rings in the 
skirt with ends touching, but a slight gap is more common practice. 

With rings having a step cut instead of an angle cut, a greater 
gap between the ends is permissible, as the ends lap by each other. 

For air-cooled motors some recommend about double the gap 
clearance given above. 

Cast Iron. Clearance in Cylinder Bore-—A clearance of 0.cor 
inch for each inch of cylinder diameter may be called standard 
practice for piston skirts. For taxi, truck and tractor motors many 
recommend an extra o.0o1 inch on the total, that is, a 4-inch piston 
should have a clearance of 0.004 plus an extra 0.001 or 0.005 inch 
total clearance. Some air-cooled motors require a little more 
clearance. 

The clearance refers to the diameter of the skirt of the piston 
below the lowest ring in the head. The “lands” between the 
rings are smaller in diameter because of the greater heat and 
expansion due to the piston head. The top land should have 
0.0035 inch clearance per inch of diameter, while the second land 
should have a clearance of 0.002 inch per inch of diameter. 

If feelers are used to measure the clearance between the piston 
and cylinder wall, instead of inside and outside micrometers, an 
allowance must be made for the stiffness of the feeler, or its resist- 
ance to bending. It is recommended that 0.001 inch be allowed for - 
this, z.c., if a feeler 0.002 inch goes in, the real clearance is 0.001 
greater or 0.003 inch. 
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Standard Oversize Pistons and Rings 


After reviewing the practices of thirty passenger-car builders, six 
tractor, seven motorboat and fifteen truck and industrial-engine 
builders—the standard oversize pistons for passenger-car, marine 
and airplane engines, recommended are 0.003, 0.005, 0.010, 0.015 
and 0.030 in. The standard oversizes for tractor, truck and indus- 
trial internal-combustion engines are 0.010, 0.020, 0.030 and 0.040 
in. Larger sizes, when necessary, are to be held to multiples of 
0.010 inch, 

Piston rings are to be held to the same sizes, omitting that of 
0.003 inch. 


LIBERTY ENGINE FITS 
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Clearance and Tolerances of Airplane Engines 


The following clearance-on Liberty motor parts show the practice on close 
They are from the official book. 


SUMMARY OF CLEARANCES 


work of an accurate nature. 


Min. Max. Desired 
Crankshaft 
Diametrical clearance... ..|0.0025 0.00325 
Bnd plavewetAy koe. cca es 0.0575 0.0775 
Connecting rods 
Forked end: 
Diametrical clearance... .. 0.003 0.004 
End play, ..$ 0.5 )0cs.... 0.008 0.020 
Plain end: ; 
Diametrical clearance... . .|0.005 0.0065 
ford lava. tee les oe ee we 0.004 0.008 
Piston pin Sal : 
cae 5 elect for 0.001 
BM GUENLOM sighely eiviere's wre v-s-2«'« |O,,00025 0.00125 gelearance 
estes = elect for light 
Pittnopiston. 6.655 see ss 0.00025 loose]O.00075 tight pene 
Piston rings = 
eae op 0.003 mid 
Pit'in @rooves, ... 6.06.5. 0.00125 0.003 { Aa DDtNO O85 
Dee? 5h 0.021 0.041 0.030 
Piston PA ; 
pe 5 elect for 0.020 
Fitdn cylinder............ 0.018 0.022 { ida inen 
Camshaft 
Diametrical clearance..... 0.001 0.003 
LG phe AN en 0.000 0.004 Min. 0.002 
Camshaft upper drive shaft 
Diametrical clearance: 
varge bushing 0.0005 0.0025 Min. 0.0015 
Small bushing............/0.0005 0.0025 Min. 0.0015 
BMD Laie eiecethrcrsyalnie a2 a 0.002 0.008 Min. 0.004 
Rocker levers 
Diametrical clearance..... 0.00025 0.00175 Min. 0.001 
PEOUENAV tices Soke e Sais 0.005 0,0I0 0.0075 
alves 
‘it of stems in guides..... 
Diametrical clearance..... 
ixhaust valve............/0,004 0.0065 0.005 
So 0.002 0.0045 0.003 
Water pump shaft 
Diametrical clearance..... 0.0015 0.0035 Min. 0.0025 
ONOUDIAV sesame. os as 0.006 0.010 0.010 
Water pump bevel driver. . 
Jiametrical clearance..... 0.00r 0.0025 
TR So re 0.005 0.008 
il pump 
‘it of gears in housing ea § 
& & elect for 0.00 
Jiametrical clearance...,.|0.001 0.005 <clearance 4 
elect for 0.003 
aS ae: RS repate atuEe iaristece in 9.6 0.002 0.007 clearance 
‘appet gap ; 
iheaat BMULYO slate cise o'sj0i « 0.019 0.021 
mlet valve.......04 Tinian 0.013 0.016 
jreaker gap.............. 0.010 0.013 
park plug gap........... 0.015 0.017 0.015 
egulator 
PONTACOMMD op ojocicieie's cscs 0.005 0.007 
ESIGHG OF PIN. sca s oes ces 0.043 0.045 
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AERONAUTIC PLAIN HEXAGON-HEAD BOLTS AND 
NUTS 


October, 1920 


Chamfer Corners 
bene Te Threads foshort diam 
lara, 
; i ¥30"TD) 
Be esp ty aoe Ps ia) 35D, 
he recat "| soon 
eee RN a 
FN) 8 
Vy v 
i lh - Saad 
3077): ny i ~Max.Rad (70) 0.01 
SUD) 


T.D. indicates tool dimensions. 
C (for } inch diam. and larger) = f + 5 inch. 


When body length ZL = z” 
Length of thread K = 3” 3 


nike 
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AIRPLANE BOLTS 
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AERONAUTIC BALL HEXAGON-HEAD BOLTS AND NUTS 
S. A. E., October, 1920 


| Chamfer 
30T7.D) 30(TD) Pitas 70) 
(7 MerRad (00.0 Cate, al ae i 
Lai ia 
en oe ae EE: 
i Ghamfer | Tee" 
to _ amr |@ 32 ere 


T.D. indicates tool dimensions. 
When body length La hh Bae 
Length of minimum usable thread K = 3” 3%’ 3" 3! 3” 


Baty. CastLe Nuts 


AIRPLANE BOLTS 


H 


hes) 
F 
Ball 
Hexagon 
Nuts 


imensions 1n 1nc 
EB 
Width 


D 
D 


The Bureau of Standards recommends a plate 


B 


BALL HEXAGON-HEAD Bott AND Nut DIMENSIONS 
Width 


(All threads are U. S. Form. 


Bott Diam. 
Limits, A! 


Threads 


Nom. Bolt 


eS a = 
7) aaa “ete Gael Aaoe Gets 
og VY wy es 
oa Ih 100 OM WO IND 
ee lot od m7 oO OM ~~ . 
a ORES SER TOE NO eo oa | oa 
CLOAC104 19 OF C1OU OO g 
uss SO aa ¢ F 
. 10M MAI HIN HIN fon o 
a SSR Sete. tes Sell Sten 
a mm MH M9 CO WM E g 
~ salt SN Qu) RM a>) oo an “Bb 
MM 69m MA Minh OO |, d 
OOOO. 66 1060 016 § © 
Ra a aa as 
deds aes ae Seas See | SB » 
Ww Se DSS ee. bi ro 
an aM OM AH DO 5 aq 
SB BO MH DR OH a 
HH HA NM mm tH | wy g 
©0900 00 06 606 BI a] 
a ea nor| og is 
om 
Shem mts anes mes Gort’ 2 ? 
82 wee SS OS SS SS a a 
ea mIn MD OM WO > NEO b 3 
om H™= &-M OO OH OM ior 
a ma mt 1M ODM OG |B 4] 
C.D Di Dts Oia 1 Oi ms OLS 3 el 
00 08 MO NWO WO wo 8 
G Hm NO .OH Lyre} ~wH RE 
ig OD Ht OF MA InN On gq 
S HH aA OM +t MO we 
me FON 00.005 09-004) a2 2 
00 00 MO NO WMO a 
d [RSE tense ee eae. 
a] 
g He aN mm tH AO ae 2 
oO “SS SS teense a8 re 
aS 
~ 
3 Le. He 
q uP 9 
onl an 00 00 t+ oo 00 060 og | 
ky mm AN aN an HH ie a 
Hela 
as ao, 
ao (4 C1,r 
con Sows 
a 66.8. 2 > a. Jaye? 
- ZZ Zoe “mee an lags ‘a all % 
So SS Oe oe SS fl eal gy 
8 20o2 99 MO Mo Mo [H YOK 
a tO OO Oh BRO aN a GaG 
OD HH HE MO ON 
AAR AN mM +H HO a) 
GO 0:0 18'o Joc “oe S 


AUTOMOTIVE 


808 


See eres - : anaes cial 


ae striae 
oSk(TL) ee eee 
Ey GMOL -souraue 
i Ul 30U ‘sBUIM PU SeIpOg UI 9sn IOy pepudszUI eIe S}[Oq ssey]» 
N . ; “SUOISUSTAIP [003 SAzBOIpUl "GL 
' = “WIOg UPOLIsUlYy e1e speely? TV 
' = S51(AL) ‘2AIno Ajsnes 07 ZunvOy 
‘ a(7L) , SI Ja}Ua9 BSOUA SHIpeI YOur-2£ jo Zuluuisaq 0} Pp WoOlj VUrISIC ¢ 
aN "2018 Jo UIdap os|y z 


‘POY 2 ‘WOZEXaY JO 9zZIS OSTY ¢ 


(4) gSt-o | (38) "0 | (4) 69r-o (¥) 0Sz0 | (42) gS1°0 #2) OIL°0 27) g£0°0 gI—(#) o&z9°0 
CB) 981-0 | (38) Leo-o | (HB) zeb-o | (4) sar-o | (48) 981-0 | (4B) 609-0 “B fig-0 gi— 4) Sz9S-o 
(3) Sz1°o0 (42) Lto-o (2) $L£-0 (2) ggr-o0 (3) $z1"o (3%) £98°0 (%) oSL-0 oz—(£) 000S°0 
(%) Szr-0 | (32) L¥o-o | ($2) gzf-o (@) $z1-0 (3) Sz1-0 | (#8) €S%-0 | (24) ggg-o oz—(!) SLEv-0 
(42) ¥60-0 (2) 1f0°0 (42) Igz-o (}) Szr-o0 (4) Sz1-o £) gor"o (22) £980 tbz—(?) o$Le-o 
(42) ?60°0 (E) 1£0°0 (3) Pez'o () ¥60°0 (%) 340°0 iP perio @ oos-o rea gzie-o 
(4) F60'0 | (4) 1f0°0 | (St) ggr’o | (%) ¥60'0 | (3%) gto-o | (££) 1gz-0 | (2) gfv-o $e—(}) 008z-0 
(42) t60-0 (42) 1£0°0 (4) zLI'o (42) 760°0 (42) gLo-o (#B) 99z-0 (4) gtt-o gz—(ZI "ON) OQIz"0 
(42) ¥60°0 (42) 910-0 (#) zl1-0 (42) glo-o (42) gLo-o (}) oSz-o (2) S$LE-0 z€—(0I “ON) 0061°0 
(#2) t60°0 (42) g10°0o (42) 9$1-0 (42) gLoro (#2) glo'o (#8) vez-o (2) SLE-o z€—(g “ON) OFQI‘O 
Y eT Kw 30 s N I bee ee 


V. 2218 10d 


(Seyouy Ul SUOISUSTHT(T) 
oz6r ‘19q0199 “TV'S 


SIAN NOOVXEY AWSVD LAVNOUTy 


AIRPLANE WIRE 809 


AERONAUTIC ROUND HIGH-STRENGTH STEEL WIRE 
S. A. E. Recommended Practice 


This specification covers solid high-strength steel wire, round 
section, used in the construction of aircraft when flexibility is of 
minor importance. 

Bend Test.—Samples for bend test shall be straight and not less 
than ro inches long. One end of, the sample shall be clamped 
between jaws having their upper edges-rounded with 3 (0.188)- 
inch radius. The free end of the wire shall be held loosely between 
two guides and bent go degrees over one jaw; this is to be counted 
as one bend. On raising to a vertical position the count will be 
two bends. Wire shall then be bent to the other side, and so forth, 
alternating to fracture. The minimum number of bends required 
is stated in the following table. 

Wrapping Test.—A wrapping test is to be made on at least 10 
per cent. of the total number of coils offered for inspection at one 
time. The wire is wrapped around its own diameter eight con- 
secutive turns with a pitch substantially equal to the diameter 
of the wire and then unwrapped, maintaining the free end at 
approximately 90 degrees with the mandrel. It must stand 
this test without fracture. Because of the possibility of personal 
error in making this test, failure on one test. is not considered 
conclusive, and if required to do so the inspector shall make at least 
one, but no more than two, additional tests on the sample of wire. 
Tf any of these tests are successful, the material shall be passed as 
satisfactory in this respect. 

Selection of Test Specimen.—A tensile, a torsion and a bend test 
shall be made on each end of each piece or coil of wire. When an 
individual coil of wire is to be divided into smaller coils to meet 
special requirements, it is sufficient to make one test on the original 
coil and to cut and seal the small coils in the presence of the 
inspector, 
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Rovunpb HIGH-STRENGTH STEEL-WIRE TEST DATA 


Weight, umber | Breakin: Tensile 

American | Diameter, Ponsds on Bends Stienaie Seesest, 

Wire Gage Inches per 100 | through | Minimum, 28a ig 
Feet 90 Degrees} Pounds | P°& ae Ke 

6 0.162 7.01 5 4,500 219,000 

7 0.144 5.56 6 3,700 229,000 

8 0.129 4.40 8 3,000 233,000 

9 O.114 3.50 9 2,500 244,000 

$e) 0.102 2.77 II 2,000 244,000 

II ©.0QL 2.20 14 1,620 254,000 

12 0.081 1.744 17 1,300 252,000 

13 0.072 Des 21 I,040 255,000 

14 0.064 I.007 25 830 258,000 

15 0.057 0.870 20 660 259,000 

16 0.051 0.690 34 540 204,000 

17 0.045 0.547 2 425 | 267,000 
18 0.040 0.434 52 340 270,000 . 

19 0.036 0.344 70 280 275,000 

20 ©.032 0.273 85 225 280,000 

21 0.028 0.216 105 I75 284,000 


Dimensions and Tolerances.—All wire for this purpose shall be 
furnished in decimal sizes corresponding to the American wire gage 
(Brown & Sharpe gage). 

A permissible variation of 0.002 inch above gage on all sizes will 
be accepted, but no wire will be accepted having a variation of more 
than 0.0005 inch below gage. 
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AERONAUTIC STEEL THIMBLES 
S. A. E., October, 1920 
The thimbles must be galvanized either electrically or by the 


hot dip process. 
(Dimensions in Inches) 


DIAMETER OF CABLE Approx. 
eight, 

A B Cc D E.| Pounds 

Nominal | Decimal BG igdss 
Cs 0.062 | 0.35 | 0.70 |o.07 | 0.09 Jo.032 3.00 
a 0.094 | 0.35 | 0.70 jo.07 | 0.09 Jo.032 3.00 

z 0.125 | 0.35 | 0.70 Jo.07 | 0.13 Jo.032 4.34 
or 0.156 | 0.40] 0.80 jo.10 | 0.17 |o.032 6.36 
ad 0.187 | 0.50 | I.00 |o.135 | 0.21 Jo.032 9.00 
aa 0.219 | 0.60 | 1.20 Jo.15 | 0.24 |o.032] 13.50 

i 0.250 | 0.70] 1.40 |0.17 | 0.25 |o.032 16.63 
ae 0.281 | 0.80 | 1.60 jo.198 | 0.30 Jo.o40] 30.36 
te 0.312 | 0.90] 1.80 Jo.2r | 0.33 |o.040] 33.00 

3 0.375 | 1.00 | 2.00 |]o.26 | 0.39 ]o.060} 74.00 


LOOPS AND FERRULES 


AERONAUTIC WrRE Loops AND FERRULES 
S. A. E., October, 1920 
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The loops for round tinned steel wire are made by threading the 
tension wire through a ferrule, forming a loop of the specified size, 
slipping the ferrule up against the loop and bending the free end of 


Gage Bar fea. 10 Coils --=-- ,| 


the tension wire over the ferrule as shown. The ferrule is then 
thoroughly soldered in place without drawing the temper of the 


tension wire. 
(Dimensions in Inches) 


RounpD Wire Loops FERRULE E GaGE Bar 
ee fay 
ire (A 
aa B Cc D R By f& Inches| F G 
Gage *| Inches 
8 OVT28| | vy # & ra 9 0.114} 0,130] 0.260 
8 0.128 Ts 4 ts & 9 0.II4] 0.130] 0.260 
bae) 0.102] 4 ay Pea oe II 0.091] 0.104] 0.208 
I2 0.081] 4% at ty x 13 0.072] 0.083] 0.166 
I4 0.064, 4 4 ay a 15 0.057} 0,066] 0.132 
Dimensions A and E are minima—tolerance, plus 0.002 inch. The gage 


bar has semicircular edges and shall pass through the ferrule with a clearance 


of approximately 9.003 inch. 
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STEEL BANDS AND STRIPS 
S. A. E. Standard, November, 1922 


(Dimensions in Inches) 


WiptH VARYING By 3; INCH | THICKNESS, B. W. G. No. 
From To | From To 

2 4 (0. 238) 18 (0.049) 

is 4 (0.238) 19 (0.042) 

4 I 4 (0. 238) 23 (0.025) 

Iq 2 4 (0. 238) 22 (0.028) 

on 3 I (0.300) 21 (0.032) 

316 4 1 (0. 300) 20 (0.035) 

416 43 I (0. 300) 19 (0.042) 

476 42 00 (0.380) 18 (0.049) 

433 Sis 00 (0.380) 17 (0.058) 

54 62 00 (0.380) ° 16 (0.065) 

il I (0. 300) 14 (0.083) 

72 1 (0. 300) 14 (0.083) 

a3 t (0.300) 14 (0.083) 

74 I (0.300) 14 (0.083) 

7h I (0.300) 14 (0.083) 

8 I (0.300 14 (0.083) 

81 I (0.300) 14 (0.083) 

84 I (0.300) 14 (0.083) 

83 I (0.300) 14 one 

92 1 (0. 300) 12 (0. 109 


The Birmingham wire gage is used by the manufacturers of steel 
bands, hoops and strips. The thickness desired, however, should 
be expressed in thousandths of an inch when writing specifications 
for bands, hoops or strips. 


TURNBUCKLES 815 


: TURNBUCKLES FOR AIRCRAFT 


The following are standards adopted by Army and Navy Air 
Service and the S. A. E. 


nope BLOWS 0 oS), (2.25 for short ; 
ped porate. ; a \)4.00'for long 16 to 80 incl, 
0.6 Th aed +> 0.5 R425 "for lorigl2sandl7S 
Ym ORLA’ rf ye 
N fcorinigingmmnntl “o.c2s 0.020 


ae 


: fot Fa uN ay / Feed 
L.4.Thrds to Center MeL 3 Fad. R.H.Thrds to Cente- 


{ { Drill 0.125\"for short 


Drill 0.125 for long 16 to 80 incl. (bs A ee) 


Hole to be centraland Drill 0.188'"forlorg les and!75 


para Nel within t0.005” 


THREAD AND BARREL DIMENSIONS 


Pitch-Diameter 


Limits! in L M N 
Strength, y +0.005,] +0.005,} 0.005, 
No. Pounds | /hreads' ving it in in in : 
Max Min. Inches | Inches | Inches 
8S 800 6-40 | 0.1235] 0.1218] 0.250 0,210 0.188 
16S or L} 1,600 10-32 | 0.1716] 0.1607] 0.375 0.281 0.250 
21S or L| 2,100 12-28 | 0.1950| 0.1928] 0.375 0.328 0.281 
32S or'L|. 3/200 4-28 | 0.2200] 0.2268] 0.438 0.391 0.328 
46S or L} 4,600 5-24 | 0.2878] 0.2854] 0.500 0.438 0.406 
61L 6,100 $#-24 | 0.3503}.0.3479] 0.625 0.594 0.469 
80L 8,000 $-24 | 0.3503] 0.3479] 0.625 0.594 0.4690 
125L 12,500 75-20 | 0.4076] 0.4050] 0.750 0.688 0.563 
175L, 17,500 3-20 | 0.4701] 0.4675] 0.875 0.813 0.625 


1 Screw threads shall be in accordance with the Medium (Class 3). Fit 
for the Fine-Thread Series as specified in the American (National or S. A. E.) 
Standard for Screw-Thread. 
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Short 4: 
long eae to 8OL incl.) 


Cae Yong B00 (For 25L) 
Vv SRad el 4.007 2501 For 1756) 3 Red. KT y5 $ Rad 
en & ‘apse et I a \ 
At lal) $ m §\ WV 

Slot Jaw and Hole 


Fett for Pin Eye, tobecentraland 


Either Pinor 
Cable Eye AlCable Eye) pif or LH for Calebye porate within #0005" 


D(Pin Eye) 
22 Rad, ; en a Thread fo: Us ae 3 Rad 
Ne ja toad ete 
G 


1125 for short; 2.000 for 16 fo8OL 
2375 for l25l 2625 for TEL 


Dimensions of Cable Eye, Pin Eye and l’ork Ends 


a 


«¢ Dee Holes - 


7 ” 
For 0.046 
Drilled Hole 
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- Nominal 
74 Diam. 
Les denghh 5 
Brass Cotter PINS 
Nom. LENGTH, IN INCHES Approx. 
Woe] oer ae Weight per 
De : 
in Linear 
Inches] 2 | 3 | 4 | 5 | 6 7 | 8 4b cro yo rah eG: Inch, 
I Pound 
B ue 413] 2] 3 | 3 | x3 0.00rI 
3 ey 4,2] 1 rz | re] rz 0.0022 
4.) 4 | oop Pelee tae lerdsyorg 0.0045 
5 a7 Ro FoeL, Teel Lap ees 0.0067 
6 as eee Male ate shy Teh taht 0.OI0OL 
8 Fea ahs Bil Sate eo] ben te ol Rarer all aces 0.0157 


This recommended practice is in agreement with Army-Navy Standard 
AN-11r adopted Nov. I, 1924. The sizes are designated by the Army and 
Navy by “AN-11,” the cotter-pin size number given in the above table and 
the length designation, all separated by hyphens. For example, the AN 
number for the largest cotter-pin would be AN-11-8-16. 


CaBLE PULLEYS 
(Dimensions in Inches) 


- Cabl D G 
No.? Sine | A | B | c | +0.002 E | F #0.015 
I vs, a t 1} 3 0.253 ccd ay 4 
2 vs, 3 2 23 $ 0.253 a ty a 
3 [iba tee ce |) Sd 2 > 0.378 ua xy 1s 
4 | 4, dr, te | 2% 34 + 0.378 ua ua is 


Tolerances are plus and minus 0.010 inch unless otherwise specified. 

This recommended practice is in agreement with Army-Navy Standard 
AN-21 for Shackles adopted Noy. 1, 1924. The sizes are designated by 
‘‘AN-21” and the numbers given in the above table, separated by a hyphen. 
For example, the AN number for the largest pulley is ae I-4. 
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CABLE THIMBLES 


E 

E Approx 
ee ee eC \D Gable, | Weight. 
Nom Tol Pounds 

3 |*0.35 | 0.70 | 0.07 | 0.09 | 0.032] +0.003h- os; dks ay 0.0030 
4 0.35 | 0.70 | 0.07 | 0.13 | 0.032] +0.003 ut 0.0043 
5 0.40 | 0.80 | 0.10 | 0.17 | 0.032] 40.003 ard 0.0065 
6 0.50 | I.00.| 0.035] 0.21 | 0.032] +0.003 ve 0.0090 
7 0.60 | r.20 | 0.15 | 0.24 | 0.032] +0.003 aa 0.0143 
8 0.70 | I.40 | 0.17 | 0.25 | 0.032} +0.003 2 0.0163 
9 0.80 | 1.60 | 0.198] 0.30 | 0.040] +0.004 or 0.0263 
10 0.90 1.80 | 0.2r | 0.33 | 0.040] +0.004 as 0.0295 
12 I.00 | 2.00 | 0.26 | 0.39 | 0.060] +0.004 3 0.0770 


Spe ER RS ee cee late a at Ee ee i 

Dimensions, which are in inches, apply to timbles after zinc plating. Toler- 
ances are plus or minus #z inch unless otherwise specified. 

This recommended practice is in agreement with Army-Navy Standard 
ANio for Thimbles adopted Oct. 14, 1924. The sizes are designated by 
‘‘AN19”’ and the numbers given in the above table, separated by a hyphen. 
For example, the AN number for the largest thimble is AN1o-12. 

General information only. 


ale 


STEEL WASHERS FOR Woop 
(Dimensions in Inches) 


No. 64 D | its 
No. ro 

F yr 1 
3 (0.1995) i 
4 Gf 1g 16 
: i a By 
if $f Ti6 to 
< 2 . ~ 
3 a ne : 

Io 64 23 a 


Tolerances are plus and minus 0.010 inch. 

This recommended practice is in agreement with Army-Navy Standard 
4N-22 for Washers adopted Noy. 1, 1924. The sizes are designated by 
‘AN-22"' and the numbers given in the above table, separated by a hyphen. 
‘or example the AN number for the largest size would be AN-22-10, 


822 AUTOMOTIVE 


yu 
balnee? ais, 
5 32 ar 3 
HL ) 
pan aoe at 
ery eee ae 
“Angle Angle ~ 
BEVEL WASHERS, AERONAUTIC 
S. A. E., October, 1920 
(Dimensions in Inches) 

Bolt Diam. H D E 
No. 4 (0.112) No, 31 (0.120) 3 3 
No. 6 (0.138) No. 26 (0.147) ve 3 
No. 8 (0.164) No. 17 (0.173) 48 2G 
No. 10 (0. 190) No. 8 (0.199) “ 43 
No. 12 (0.216) No. 1 (0.228) ts pea 

1 iy) 5 bid 
5 St fa 34 
3 64 4 33 
1 29 15, 7 
i6é 64 16 8 
a 33 7 
2 64 I 8 


Angles: 6, 12, 24, 36 degrees for all sizes, 
- eae. shall be flat and free from burrs. Bright medium carbon steel shall 
e used, 


RAILROAD SHOP DATA 


Much information that applies to railroad shop work will be 
found in the various sections, as it seemed best to put only that 
which pertains solely to railroad shops under a separate heading. 


TOOLS FOR BORING AND TURNING TIRES 


Tire boring and turning practice varies on different railroads. 


| There is a great variety of shapes and angles to the cutting edges. 
_ In most cases the rough boring tools have a rounded cutting edge of 


fairly large radius, while the finishing tools have a flat surface and 
smaller radius at the point. General data from 17 railroads are 
given in the following table: 


TABLE 1—CONDENSED TirRE Borinc Toot Data 


a 3 q Cutting Speed} Peed per 
a a < eee Revolution 
3 6 3 
(} o © 
Se Lert ge tre | ee 
o8 | &e | wm | ¢ % 4 
o9 ao 80 3 7 3 q 
SAS oA | 8A 8 BS 8 iS 
a & iS) 4 & % Ay 
a TK 2 12 15 18 18 ° i 
2 tz X 1g 8 6 25 25 t 2 
3 1 X< 13 12 ro 15 15 4s 2 
4 re Oerd 6 6 14 12 ry + 
5 ti X11 6 7 16 16 vs 4 
6 Te X14 8 6 16 203 | & sy 
i i Xd 8 5 26 26 6 15 
8 ie 1p 18 5 23 23 az | te 
9 aeons ht | (aT 0 7 40 40 3 3 
Io In 2 7 8 | 12-20] 12-20} 2} + 
II i or 4 6 18) 18 5 t 
12 Ty X2 5 7 55 50 e 3 
13 1y X 1} 4 42} 24 24 3 t 
14 TOD 15 6 28 28 as is 
15 tz X 17 2 he WS OZ | WOR Bo aegis se 
16 13 X 3 6 Bo 30})| Sasi ae | eas 
17 1; X it 2 7 | 30) | 30 3 3 


oo 
to 
wW 


824 RAILROAD SHOP DATA 


A few of the typical shapes are shown in Fig. r. 
Sree af TIRE TURNING 


ia Revohkin Tires are rough turned 
ai a with coarse feed, occa- 
—— 
=| 


sionally as much as 4 


mf oo inch per _ revolution 
Ani 4} when the lathe will 

Fi hin 
piek he standsuchacut. Some 


1223 
Wey contend that this is not 
Be\ economical on account 
‘e of the amount of metal 
es . left for the form-finish- 


ing tool. The roughing 
tools usually have a 
round nose and top rakes as shown in Table 2 


Fic. 1.—Tire Boring Tools 


TABLE 2.—TIRE TURNING Data 


> wa 
ue) Cutting Speed, $3 
a ue . Feet 83 Minute 2s 
= of 60 re] 
Ede weer | 98 |» BE eee 
wd _ ay ‘6 aa! iohes} 
6.8 sigs eg % 2 wos 
8a se go 8 ‘8 gS, 
rab eae 3S 2 Fs ene 
I Ts X25, Sie) 5 LOA15) i) @Oa ns, 3-3 
2 2k X24 5 ae 17 17 3 
3 D8 (eR 12 15 16-18 18 + 
4 17 X 3 2 4 II II 2X8 
5 13 X3 8 6 16 12 $ 
6 Th <3 4-6 6-8 13 13 3 
7 TH OXS3 6 6 15 si) 3 
8 1} x 23 5 5 12 12 ts 
9 1} X 22 8 6 17 17 $ 
10 Iz “ 3 5 5 15 15 3 
II 2 4 
A 3 5 5 137 Lira 2 
12 Iz X 2 28 yi 14 14 te 
13 2/3 7 8 42-20, |p 1-20 + 
14 2 | Xp2e 6 6 16 16 4 
15 tz X 4 2 7 5° 45 2 
16 14 xX 13 Il 4 14-18 | 14-18 id 
17 13 8 12 6 Is S os 
18 13 X 3 3 5 13% 123 3 
19 4X3 2 5 18 12 z 
20 1z X 3 2 5 15 17 3 
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Flanged tires are finished with tools that must conform to A. R. A. 
_ standards (formerly the Railway Master Mechanics), as outlined in 
Fig. 4. The form tools must be made in pairs, for right and left 
wheels. They are usually made in two parts, one to form the flange 
_ and part of the tread, while the other tool forms the rounded edge 
and the rest of the tread—as A and B in Fig. 3. 


Fic. 2.—Tire Turning Tools 


ree 
Nit TRS Tw Big 


(a) 


Fic. 3.—Form Tools for Flanges 


STANDARD SECTION OF TIRES 


Adopted, 1893; Revised, 1912, by the Master Car Builders, Master 
Mechanics of. the Mechanical Division American Railway 
Association. Outlines and dimensions are on page 826. 
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Diameter af whee! rs to Be 
treasured on line A-B 


ee, ee ee 


ps Se: 
Normal aang 
lange ->|Japer /in20\e- 
ps OES Sl Bur) Wenaal 
<a 32 = Jread 
Gaging Point 
(0) 


Fic. 4.—Standard Flanged Tire. (a) Driving wheel tire. 
(6) Trailing wheel tire 


$s72 
2 21360 
£54 Si4lz 
~ c 
556 @1453 
“ese i5i6 
860 315, 
8503 569 
Zot G 1622 


£64 91615 
66 £1728 
68” 17.80 
70 1832 
12 1835 
14 1937 
16 1990 
18 2042 
80 2095 
82 2147 
£4 2199 


TIRE TURNING 


Chart for Turning or Bor- 
ing Tires and Wheel Centers. 

How fast must a 64-in. tire 
revolve to get 14-ft, cutting 
speed? 

Follow horizontal line from 
64 to curved line marked 14 
—go vertically from line to 
bottom—and get between 34 
and % rey. per minute. 


! 4 We 14 Ue Pa 3 


Revolution per Minute 


2m ees 


Fic. 6.—Chart for Tire Turning Speeds 
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Chart for Turning Piston Rods, 
Crank-pins or Axles. Diameters are 
given at the left. Revolutions per 
minute at the bottom—surface speed of 
work shown by curved lines. Example 
—How fast must a 10-in. crank-pin 
revolve to give a cutting speed of 
40 ft. per min, Follow horizontal line 
from 10 in, to curve marked 40. Fol- 
low vertical line from intersection 
with curve and get 15 r.p.m. at bottom, 
Reverse this to find cutting speed 
when r.p.m. is known, 


30). 35-40... 45) = 50) 55... 60 12:65e6 10 
Revolution per Minute of Work 


Fic. 7,—Chart for Turning Crank Pins, Axles, Etc. 


TIRE THICKNESS 829 


Minimum TuIckness For Drtvinc WHEEL AND TRAILER TIRES ON 


STANDARD AND NARROW-GAGE LocomMoTIvES 
a le pea ile: ity i peer yt tate tale eae ena Ch 


Minimum Thickness, 


_. Weight per Axle. Dealer at Service Limits in Inches 
(Weight on Drivers Divided by Wheel Center 
umber of Pairs of ineluches - 
Driving Wheels) pie cee See 
ervice ervice 
39,000 pounds and under....... 44 and under 1} t 
Over 44 to 50 Ive rs 
Over 50 to 56 1% 1} 
Over 56 to 62 Las 13s 
Over 62 to 68 I} 
Over 68 to 74 ry 
Over 74 13 
Over 30,000 to 35,000 pounds... a4 and under ot my 
ver 44 to 50 ur 1 
Over 50 to 56 Its Tay 
Over 56 to 62 ry 13 
Over 62 to 68 Its 
Over 68 to 74 rf 
Over 74 rit 
Over 35,000 to 40,000 pounds... 44 and eee 1% 1} 
ver 44 to 50 I I 
Over 50 to 56 th it 
Over 56 to 62 Its Ig 
Over 62 to 68 1g 
Over 68 to 74 iH 
Over 74 1 
Over 40,000 to 45,000 pounds... 4a and ay ies % Ie 
ver 44 to 50 I I 
Over 50 to 56 Ix 15 
Over 56 to 62 rf 1% 
Over 62 to 68 14 
Over 68 to 74 rd 
Over 74 Ii 
Over 45,000 to 50,000 pounds... ad ihe ge x4). Us 
ver 44 to 
Over 50 to 56 1$ ri 
Over 56 to 62 rd Is 
Over 62 to 68 bet 
ore 68 to 74 ae 
ver 74 I 
Iver 50,000 to §5,000 pounds... 44 ae este ie 1 is 
ver 
Over 50 to 56 m4 1% 
Over 56 to 62 i 1§ 
Over 62 to 68 7 Ay 
Over 68 to 74 tt 
Over 74 Ii 
} 1 
Iver 55,000 pounds............ SS ce An 8 
Over 50 to 56 if 1G 
Over 56 to 62 Iz 145 
Over 62 to 68 1} 
Over 68 to 74 134 
Over 74 2 


—American Locomotive Company. 


830 RAILROAD SHOP DATA 


SHRINKAGE OF TIRES ON WHEELS 
(Dimensions in Inches) 

M. M. Standard, r908. Shrinkage sy inch per foot for 38-inch 
centers, gy inch per foot for 90-inch centers, increasing uniformly 
between these limits. M. M. Standard center diameters are 
shown in heavy type. 


Center Tire Center Tire Center Tire 

Exact | Shrink- | Exact | Exact | Shrink- | Exact | Exact | Shrink- | Exact 

Diam. age ore | Diam. age Bore | Diam. age Bore 
20 -02I |19.979 40 +042 130.958 60 071 159.929 
21 -022 120.978 41 044 140.956 61 .073 |60.927 
22 023 121.077 42 -045 |41.955 62 075 |61.925 
23 .024 {22.976 43 .046 142.954 63 .076 |62.924 
24 -025 |23.975 44 :048 143.952 64 -078 |63.922 
25 .026 |24.974 45 -049. 144.951 65 -079 |64.92I1 
26 -027 125.973 40 050. 145.950 66 -081 |65.919 
27 .028 |26.972 47 -052 146.948 67 -083 |66.917 
28 -029 |27.971 48 -053 147.947 68 -084 |67.916 
29 -030 |28.970 49 -055 148.945 690 .086 |68.914 
30 -03I |29.969 50 -056. 149.944 70 .088 |69.912 
31 032 |30.968 51 .058 150.942 7E .090 |70.910 
32 -033 |31.967 52 -059  |5I.941 72 -OOL 71.909 
33 -034 |32.966 53 .060 |52.940 73 -093 172.907 
34 -035 |33.965 54 .062 |53.938 74 .0905 |73.905 
35 .036 134.964 55 -064 |54.936 75 -097 |74.903 
36 .038 135.962} 56 2065 |55.935 76 -098 |75.902 
37 -039 36.961 57 .067 150.933 ik -100 |76.900 
38 -040  |37.960 58 .068 157.932 78 -102 177.898 
39 -04I |38.959} | 59 .070 |58.930 79 -014 |78.896 


—American Locomotive Company. 


Fig. 8 shows shrink dimensions in a condensed form. 


Ss 


Fic. 8:—Diagram of Shrink Fits 


SHIMS FOR LOCOMOTIVE TIRES 


While tires should be fitted without shims whenever possible, 
they are permitted by the Interstate Commerce Commission for 
old tires. On driving wheels they should be approximately the 
full width of the tire. The Santa Fe gives 5} inches as width for 
drivers and thicknesses varying from No. 31 B. W. G. or 0.010 to $ 
inch. The shrinkage, with shims, is 2; inch per foot of diameter of 
wheel center. ‘Tires should cool gradually after shrinking. 


WHEEL FITS 


SourHEern Paciric Company 
(Dimensions in Inches) 
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ALLOWANCES FOR Bortnec Tires ror Drivinc WHEELS— 


Nominal 
Outside 
Diam. 


Diam. of 


Wheel Center 


Diam. to 
Bore Tire 


37-9603 
43-9505 
47.9500 
49.9406 
55-9308 
61.9209 
65.9144 
69.9078 
72.9045 
73-9012 
77-8947 


Allowance for 


Nearest 64th 


NNN DDADUA HP DBW 
NWHOMHNONWH AT 


leo 
jae 


PAJRA|MAHIHA|na|arco| 
Om om Ooo | bo] 


Isoco|naco| 
PIO TS) 


Press Fits or AXLES AND CRANK PINS 
CAST-STEEL OR ROLLED-STEEL WHEEL CENTERS 


Diam. of 
Axle or 
Crank Pin, 
in Inches 


ir di nope nie 


NRDAUNHP BWW D 
tie 


Bore of 
Hole in 
Inches 


DAMnAH HWW HDHD 


.489 
.988 
-486 
.984 
2483 
.982 
.481 


979 


-479 
.978 


Pressur' Diam. of Bore of 
Required ont oh. | Hole a 
in Tons Ferns Inches 
28-37 72 7-478 
33-45 8 7-977 
38-52 83 8.477 
44-60 9 8.976 
50-67 93 9.476 
55,79 ro 9.975 
61-82 roy 10.475 
66-90 II 10.975 
72-97 IIZ Il.474 
TOR 12 11.976 


FOR CAST-IRON WHEEL CENTERS 


ni- bole bole nie 


ble 


TIAA AHL HWW bd 


DAAnNnNEARWWHDHD 


.491 
. 990 
.488 
.986 
.485 
984 
.482 
. 981 
-481 
.980 


18-22 
20-27 
24-31 
28-36 
32-40 
357-45 
39-49 
42-54 
46-58 
49-63" 


7.480 
7-979 
8.479 
8.978 
9.478 
9. 
Io 
Io 
It 
EE 


977 


477 
977 
.476 
.976 


Shrinking of 
Tire 


-0397 
-0495 
.0500 
05094 
0692 
o791 
0854 
0922 
2955 
.0988 
. 1053 


oo000000900000 


Pressure 
Required 
in Tons 


83-112 

88-120 
‘94-127 

99-135 
LO5—142 
IIO-150 
T1571$§7 
I2I-165 
126-172 
132-180 


53-67 
56-72 
60-76 
63-80 
67-85 
79-99 
74-94 
77-99 
81-103 
84-108 
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PRESSURE FOR ForcinGc Piston Rops into Piston HEraps 


Diameter of Diam. of Diameter 

° Pressure . Pressure : Pressure 

Rod in : ~ || Rod in : of Rod in] = 
Taches in Tons Tichea in Tons Tachek in Tons 
23 30-40 34 40-50 44 55-65 
24 30-40 33 45-55 42 55-65 
3 35-45 34 45-55 4% 60-70 
4 50-60 5 65-75 


Pressures must be obtained before collar reaches its seat, and 
collar must in all cases seat solidly on piston head. 
—American Locomotive Company. 


STANDARD AMERICAN RArtLwAy ASSOCIATION WHEEL CrrRcuM- 
FERENCE MerASURE FOR CAst-IRoN CAST-STEEL, WROUGHT- 
STEEL AND STEEL-TIRED WHEELS 
Adopted, 1893; Modified, 1919 


Instructions for Using Standard Wheel Circumference Measure for 
Steel, Steel-Tired and Cast-Iron Wheels 


Place tape about circumference of wheel, having the brackets in 
contact with flange. The normal circumference for wheels of each 
of the different diameters is indicated by the space marked “3.” 
Steel and steel-tired wheels should be rejected if the scribed lines on 
the head piece fall to the left of the space marked “C”’ or to the 
right of the space marked ‘“‘3.”’ Cast-iron wheels should be rejected 
if the scribed line on the head piece falls to the left of the space 
marked ‘‘r” or to the right of the space marked “5.” 

The continuous markings on the upper side of the tape may be 
used for mating worn wheels. 

The tape and method of using is shown in Fig 9. 
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TAPE FOR WHEELS 


oSQ Si] pue odey Surmsesyy peeq\—'6 “org 
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<a 
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YE 04y F 


Sy2eypy u01 (58) 

J24auiO] , LE Yi, MOY ON A219 adem, buywasasday 
22009 U4) EpIOUIED a Adal Jo 2nI9 sadd'ay4 LO 967 
PHOLG iY ui] WaeM{eg 29005 pub {o/) p/07 FOOL YLmM 
Hodly, f parede ag o% suojonpo1y “ade; ‘ay 40 ysbua7 
Y6IOUS JOY PUD [2824p Bis 40 B2LIBLAsLUNDLD [JO #0 
Spuaulsedsnay juesaiday UMoYS sugisuaing 40a] 
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FITS USED IN LOCOMOTIVE REPAIR WORK 


The Heald Machine Company gives the following suggestions for 
running fits in railway shop work, based on observations in many 
localities } 

Valve motion pins or bolts and bushings, 0.003 to 0.006 inch. 

Side rod knuckle pins and bushings, 0.005 to 0.008 inch. 

Crank pins and rod bushings 6 inches or less in diameter, 0.010 
to o.ors inch. 

Crank pins and rod bushings over 6 inches in diameter, 0.015 to_ 
0.020 inch. 

Driver axles and driver boxes, 0.015 to 0.025 inch. 

Piston rod and metallic packing, o.oor to 0.003 inch. 

Piston rod allowable variation in diameter from end to end, 0.002 
inch. 

Air pump piston rods, allowable variation in diameter from end to | 
end, 0.001 inch. 

One method of repairing motion work is to true up the hole in 
the lever and then grind the outside of the bushing 0.004 inch larger 
than the hole. The hole in the bushing is ground 0.008 inch larger 
than the pin. Forcing the bushing in the lever reduces the hole © 
to about 0.004 inch for an oil film. 

Brass cylinder bushings in triple valves require careful attention. 
When the difference in diameter between the two ends exceeds 
0.002 inch the bushing should be reground just enough to remove 
the worn spots. ‘ 


TAPER FITS USED IN LOCOMOTIVE WORK 


There are several different tapers used in locomotive work, the 
tapers varying from 7 to 14 inches to the foot. The Santa Fé 
system has adopted the following standards: 
Taper of 7 inch in 12 inches for: 

Bolts for main and side rods, 

Bolts for engine frames. 

Eccentric splice bolts. 

Eccentric crank bolts. 

Long reverse-yoke pin in Baker valve gear. 
Taper of 3 inch in 12 inches for: 

Bell-crank pin. 

Combination-lever pin—long. 

Link-block pin. : 

Reverse-shaft hanger pins, Stephenson gear. 

Rocker-arm pins in single shear. 

Valve-stem sockets. 

Taper of } inch in ro inches for: 
Combination-lever pin—short. 
Connecting-rod pin—top and bottom. 
Connecting-rod pin bushing—center. 
Eccentric-rod pins. 

Piston-rod fit in cross-head. 

Piston-rod fit in spider. 

Reach-rod pins. 


| TAPER THREADS 835 


| Reverse-shaft hanger pins—Walschaert gear. 

| Reverse-yoke pin—short—Baker gear. 

Reverse-gear piston fit in spider and in cross-head. 

Radius-bar pin. 

Rocker-arm pins in double shear. 

Union link pins. 

Valve-rod knuckle joint pins. 

| Valve-rod pins. 

Valve-stem cross-head pin. 

__A taper of ¢ inch in r2 inches is used for the eccentric-blade pins 
jand of $ inch in ro inches for the center connecting-rod pin. 

A taper of 14 inch in r2 inches is used for crown-bar bolts 
where they fit in the crown sheet. The same taper is used for side- 
‘rod knuckle joint pins. 


TAPER THREADS IN LOCOMOTIVE WORK 


Nearly all taper threads used in railway work are of the standard 
pipe-thread taper of } inch in 12 inches or r inch in 16 inches. 
The diameters, however, do not conform to standard pipe sizes and 
12 threads to the inch is usual regardless of diameter. On the 
Santa Fé system threads of 6, g, 10 and rr per inch are used in 

some cases, 


MACHINING ROD ENDS 


_ Milling is replacing slotting for machining rod ends. In solid- 

end rods the block is removed either with the oxyacetylene torch 
or by drilling a hole large enough for a helical milling cutter to go 
through. In some cases a hole is drilled for starting the torch cut 
but is not necessary as a hole can be burned through a 4-inch piece 
in less than 30.seconds. Milling out the block from the solid can 
be done at from § to } inch per minute depending on the diameter 
of the cutter and the thickness of the rod. The 32-inch feed is for 
)}a rod 7 inches thick. For finishing, the cut, whether block is 
}) milled out or burned out, usually varies from 3 to 52 inches per 
minute. 


ip 


SHOP TRIGONOMETRY 


Tue laying out of angles is sometimes difficult by ordinary 
methods and a little knowledge of shop “‘trig”’ is very useful and 
much easier than if it were called by its full name. 


Fic. 2 Fic. 3 


It is really a system of constants or multipliers based on the fact 
that there are always fixed proportions between the sides and angles 
of triangles and other figures. Fig. 1 shows a 30-degree angle with 
1, 2 and 3-inch arcs, 1 c, 2 f, and 3 7. It will be found that every 
similar measurement is in exact proportion to the radius, thus 2 d 
is exactly twice the length of 1a, and Ais just three times bc. So, 
if we know the distance ac for a r-inch radius for any angle, a similar 
distance, as g i for the same angle, will be in exact proportion to the 
radius of the circle to one, which is the base. All these parts are 
named as shown in Figs, 2, 3, and 4. 
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ANGLE, CONSTANTS 837 


The exact proportions of all the various parts have been figured 
for each part of a degree that is likely to be needed in ordinary work, 
and these figures are given in the tables which follow... These num- 
bers are simply multipliers or constants for a radius of one, and for 
any other radius we multiply the numbers given by the radius we 
areusing. These tables form the most accurate means of calculating 
many problems as will be shown. ‘Dhese constants can represent 
one of anything, inches, feet, meters, or miles, and the answer will 
be in the same unit. In tool work they are usually in inches, but 
the relation is the same regardless of the unit. 


H G 
a el D 
3 
A C E 
45° 
Fic. 4 Fic. 5 


LINGLE Is ALWays TaKEN EACH SIDE OF THE CENTER LINE AS 
SHOWN 


Lines A—E£ and A-H are called radius of the circle. 
A-C is called cosine of the angle. 1 
F-B is always the same as cosine of the angle. 
C-E is called the versed sine of the angle. 


F-H* “ “ co-versed sine of the angle. 
C-B ce ce “ee sine “ce ce “ce 
E-D oe “ee “e tangent “cc “cc a9 
H-G “ “e ce co-tangent “eo (74 oe 
A-D “ce ce “ce secant ce a3 ce 
A-G “ee “ce “ce co-secant “ce ia3 “cc 


The names always refer to the angle on one side of the center 
1e and not to the total or included angle. In dealing with a 60- 
gree thread we-divide this by a center line and call the angle 30 
grees in all our calculations, Everything is based on the radius 
a circle, and a 1 radius is used as this base. Perhaps the three 
ost important parts are the sine, the tangent, and the secant, these 
ing C-B, E—D, and A—D in all three of the figures. From this it 
ll be seen that the sine is half the chord or the distance from the 
dius to the horizontal. The tangent E-D is the distance from 
e horizontal radius to an extension of the radius at the angle given, 
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The secant is the distance along the radius from the center to the 
tangent. From C to EZ is called the versed sine, and is the distance 
from the center of the chord to the outer circle. 

The angle considered in this work is always less than 9o degrees, 
and the angle between the angle used and go degrees, or the angle 
which is necessary to complete this to 90 degrees is called the com- 
plementary angle. In the first case the complementary angle is 
60 degrees, in the second case 30 degrees, and in the third case 45 
degrees The cosine is the distance FB, the co-tangent is H-G, the 
co-secant is AG, and the co-versed sine is F—H in all three examples. 
In the 45-degree angle it will be seen that the various parts are alike 
in both angles, as the sine is the same as the cosine, while the sine 
of the angle of 30 degrees is the same as the cosine of the angle of 
60 degrees. These facts will be borne out by the tables and can be 
seen by studying the diagrams or by making any calculation and 
then proving it as near as may be on the drawing board. 

All this is interesting, but unless it is useful it has no value to the 
practical man, so we will see where it can be used to advantage in 
saving time and labor. 

Perhaps the easiest application is in finding the depth of a V- 
thread without making any figures. The angle is 60 degrees or 
30 degrees each side of the center line. The pitch is x inch so that 
each side is also an inch, and so the radius is an inch, the depth of 
the thread is the distance A—C or F—B, and is the cosine of the angle. 
Looking in the table for the cosine of the angle of 30 degrees we 
find 0.86603, and as the radius is 1 this gives us the depth directly 
as 0.86603 inch. If.the radius was 2 inches we would multiply by 
2, or if it was } inch, divide by 2 and get the exact depth with almost 
no figuring. Suppose, on the other hand, that the thread was 1 
inch deep and we want to find the length of one side, the angle 
remaining the sameas before. In this case we have the depth which 
is the line AE, and we wish to find A—D which is the secant, so we 
look at the table again and find the secant of 30 degrees to be 1.1547 
inches as the length of the side. 

Suppose you have a square bar 24 inches on each side, what is 
the distance across the corners? Looking at the second example 
we see that the side of the square bar is represented by line A—E and 
the corner distance by the secant A—D so we look for the secant of 
45 degrees (because we know that half the 9o-degree angle of a 
square bar must be 45 degrees) and find 1.4142 which would be the 
distance if the bar was x inch square, so we multiply 1.4142 by 
23 and get 3.5355 inches as the distance across the corners, and can 
know that this is closer than we can measure, and is not a guess by 
any means. 

Reversing this we can find the side of a square that can be milled 
out of a round bar, such as the end of a reamer or tap. What squart 
can we make on a 2-inch round reamer shank? The diameter o: 
the bar is the radius as A—B and the angle 45 degrees as before, hal 
the side of the square will be the sine C-B, which the table shows 
to be 0.70711, and as this is half the chord which makes the fla 
across the bar, we multiply this by 2 and get 1.41422 inches as th 
distance across the flats for a reamer shank of this size. 
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Suppose we have a bar of 14 X 3-inch steel and want to find the 
distance across the corners, and the angle it will make with the base. 
The 13-inch side is the radius, the diagonal is the secant, and the 
t-inch side is the tangent of the angle. Reducing these to a basis 
of r inch we have a bar x inch by 4 inch and the 3 inch is the tan- 
sent of the angle. Looking in the table we find this to be almost 


Fic. 6 


xactly the tangent of 26 degrees and 34 minutes. With this angle 
he secant or diagonal is 1.1180 for a radius of x inch and 1% times 
his gives 1.6770 as the distance across corners. 

A very practical use for this kind of calculation is in spacing bolt 
oles or otherwise dividing a cirele into any number of equal parts. 


—~——— - ——— bs. 


Fic. 7 


is easy enough to get the length of each arc of the circumference 
y dividing 360 degrees by the number of divisions, but what we 
ant is to find the chord or the distance from one point to the next 

a straight line as a pair of dividers would step it off. First 
vide 360 by the number of divisions—say 9—and get 40 degrees 
each part. Fig. 5 shows this and we want the distance shown or 
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the chord of the angle. This equals twice the sine of half the angle. 
Half the angle is 20 degrees and the sine for this is 0.342. Twice 
this or 0.684 is ‘the chord of the 4o-degree angle for every inch of 
radius If the circle is 14 inches in diameter the distance between 
the holes will be 7 times 0.684 or 4.788 inches. ‘This is very quick 
and the most accurate method known. 

Draftsmen often lay out jigs with the angles marked in degrees 
as in Fig. 6, overlooking the fact that the toolmaker has no conven- 
ient or accurate protractor for measuring the angle. Assume that a 
drawing shows three holes as @, 6, and c, with b and ¢ 20 degrees 
apart. The distance from a to b is 3 inches, what is the distance 
from b to c or from a toc? 

As the known radius is from a to 6, the distance 0 cis the tangent 
of the angle and the tangent for a 1-inch radius is 0.36397, so for ¢ 
3-inch radius it is 3 X 0.36397 = 1.09191 inches from 6 to ¢ and at 
right angles to it. : 

But we need not depend on the accuracy of the square or of the 
way we use it, as we can find the distance from a to ¢ just as easily 
and just. as accurately as we did bc. This distance is the secant 
and is 1.0642 for a 1-inch radius. Multiplying this by 3 = 3.192¢ 
as the distance which can be accurately measured. 

If the distance between a and c had been 3 inches, then 6 ¢ woulc 
have been the sine and a b the cosine of the angle, both of which car 
be easily found from the tables. ; 

It often happens that we want to find the angle of a roller or othe: 
piece of work as Fig. 7.. Always work from the center line and con 
tinue the lines to complete the angle. Every triangle has the side: 
and they are called the “‘side opposite,” “side adjacent,” and ‘‘hy 
potenuse,” the first being opposite the angle, the second the bas 
line, and the third the slant line. 

The following rules are very useful in this kind of work: 


(1) Sine = STi (6) Side Opp. = Hypot. X Sine. 

(2) Cosine = ae: (7) Side Adj. = Hypot. X Cosine. 

(3) Tangent = eae: (8) Side Opp. = Side Adj. > 
Tangent. 

(4) Cotangent = Se (9) Side Adj. = Cotan. X Side Opry 


If we have the dimensions shown in Fig. 7, the side opposit 
and the hypotenuse, we use formula No. 1, and dividing 2 by 
we get } or 0.5 as the sine of the angle. The table shows this to b 
the sine of the angle of 30 degrees, consequently this is a 3o-degre 
angle. 
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If we have the side opposite and the side adjacent we use formula 


No. 3, and find that ? = 3 or .5 = the tangent oftheangle. The 
table shows this to be the tangent of 26 degrees and 34 minutes. 


Sin O85 _Yan.08749 Sec 10038 


Sin. JT¥65_Tan./7633- Sec (0154 


Sin 25082 _Tan.26795 Sec. 10353 


Sin_.34202 Tan .36397 
Sin. 42262 Tan. 4663] 


Sin_.500__ Tan.57736 
Sin..57358 _Tan..7002/ 
Sin..64279 Tan..639/ 


Tan C=c+b 
Cot Bec+b Cot C=bec 
Sec Beate Sec C#a+b 
Cosec Be a+b, Cosec Cz arc 


Sin Beb+t+a 
Sin C#c+a 
Cos Bcra 
Cos C#=b+a 


jn..9063) Tan 21465 Sec.23662 


Sin.h00000 ‘Tar. Infinite Sec. Infinire 
Sin..93969 Tan 27475 Sec 29236 
Sin 7071! Tan. 1000 Sec./4/42 


Sin 76604 Tan //917 Sec 15557 


Sin..66603 Tan /7320__Sec 20000 


A Chart of Angles 


Should it happen that we only know the hypotenuse and the angle 
we use formula No. 6 and multiply 4 X 0.5 = 2,'the side opposite. 
In the same way we can find the side adjacent by using formula 
No. 7. The cosine of 30 degrees is 0.866 and 4 X 0.866 = 3.464 
inches as the side adjacent. 


SIMPLE SOLUTIONS OF RIGHT-ANGLE-TRIANGLE 
PROBLEMS FOR MECHANICS 


To enable those who have a knowledge of arithmetic only to 
find easily the different dimensions of the right-angle triangle, this 
table was prepared by S. A. Hand, Associate Editor, American 
Machinist. f 

The particular angle chosen for illustration was selected on 
account of the ease in which the dimensions of the sides could be 
found by simple arithmetic. 

The beginner will of course understand that dimensions of the 
sides of the triangle can be any other than those given in the illustra- 
ion but their proportions will remain constant for the same angle. 

Complete tables of sines, tangents, secants, etc., will be found on 
sages 853 to 887. 
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LAYING OUT REGULAR POLYGONS 


i 

| 

i 

| 

Tue cut-and-try method is to draw a circle and space it off, but 
it saves time to know what spacing to use or how large a circle to 
draw to get a figure of the right size. Suppose we wish to lay out 
any regular figure, such as pentagon or five-sided figure, having 
sides 13 inches long. 


TABLE OF REGULAR POLYGONS 

py rt 2Ov Par o.4 by 5 bt 

gages |bea\ is jf |7e |eoed 
& § Hebe | bse be | Bo lye |cueg 
ea & ‘eg le a |S3o (83 | Bs! 82 Boa 
So By Aa sil ws OO wd £8 § Robe fag 
gy] e |i lies |eee ae [S58 | a, [geas 
gs esas] eee | hy | S85 228)deo 
E E33 |didul goa | edn g|w25 |S528 
2 Zz A IA fe 4 BO yo hele 


| 3|/Triangle ..| 1.1546] .5774| .866 | 1.732 | 120° | 60° +4330 
4 |Square.,../ 1.4142) 1. FOUL Te 9° | go fie 

| 5 |Pentagon..| 1-7012| 1.3764} .5878) .7265; 72 | 108 1.7204 
6 |Hexagon ..| 2. ; 
7|Heptagon .| 2.3048] 2.0766] .4338] .4815|51°-26'| 128 # | 3.6330 
8|Octagon. ..| 2.6132] 2.4142! .3827| .4142| 45 | 135 4.8284 

| g|Nonagon ..| 2.9238] 2.7474] .342 | .3639| 40 | 140 6.1818 

| 10|Decagon ..| 3.236 | 3.0776] .309 | .3247) 36 | 144 7.0942 

11 |Undecagon | 3.5494] 3.4056] .2817] .2936/32°-43 | 14777 | 9.3056 

| 12 | Dodecagon | 3.8638] 3.732 | -2588| .2679] 30 |150  |r1.1961 


Using the Table 


Looking in the third column we find ‘‘ Diameter of circle that will 
just enclose it,’’ and opposite pentagon we find 1.7012 as the circle 
that will just enclose a pentagon having a side equal to r. This 
| may be x inch or 1 anything else, so as we are dealing in inches we 

call it inches. As the side of the pentagon is to be 14 inches we 
| multiply 1.7012 by 14 and get 2.5518 as the diameter of circle to 
draw, and take half of this or the radius 1.2759 in the compass to 
draw the circle. Then with 13 inches in the dividers we space 
round circle, and if the work has been carefully done it will just 
divide it into five equal parts. Connect these points by straight 
lines, and you have a pentagon with sides 13 inches long. 
If the pentagon is to go inside a circle of given diameter, say 2 
inches, look under column 5 which gives “Length of side when 
diameter of enclosing circle equals 1,” and find 0.5878. Multiply by 2 
as this is for a 2-inch circle, and the sidé will be 2 K 0.5878 = 1.1756. 
Take this distance in the dividers and step around the 2-inch circle. 

Assume that it is necessary to have a triangular end on a round 
orn how large must the shaft be to give a triangle 1.5 inches on 
aside? 
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Look in the table under column 3, and opposite triangle fin: 
1.1546, meaning that where the side of a triangle is 1, the diamete 
of a circle that will just enclose it is 1.1546. As the side is 1.5, wi 
have 1.5 X 1.1546 = 1.7318, the diameter of the shaft required 
If the corners need not be sharp probably a shaft 1.625 woul 
be ample. f 

Reversing this to find the size of a bearing that can be turned o1 
a triangular bar of this size, look in column 4, which gives thi 
largest circle that will go inside a triangle with a side equal to 1 
This gives 0.5774. Multiply this by 1.5 = 0.8661. 

A square taper reamer is to be used which must ream 1 inch a 
the small end and 1.5 at the back, what size must this be across th 
flats at both places? 

Under column 5 find 0.7071 as the length of the side of a squar 
when the diameter of the enclosing circle is 1, so this will be the sid 
of the small end of the reamer and 1.5 X 0.7071 = 1.0606 is the sid 
of the reamer at the large end. 


FINDING THE DIAMETER WITHOUT THE CENTER 


Ir sometimes happens in measuring up a machine that we neec 
to know the radius of curves when the center is not accessible 
Three such cases are shown in Figs. 9, 10, and 11, the first two bein; 


a machine and the last a broken pulley. In Fig. 9 the rule is shor 
enough to go in the curve while in Fig. 10 it has one end touching 
and the other across the sides. It makes no difference which i 
used so long as the distances are measured correctly, the short dis 
tance or versed sine being taken at the exact center of the chorc 
and at right angles to it. It is easier figuring when the chord or thé 
height are even inches, so in measuring slip the rule until one or the 
other comes even; sometimes it is better to make the height come 
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' 1 inch and let the chord go as it will, while at others the reverse may 
_betrue. The rule for finding the diameter is: Square half the chord, 
add to this the square of the height, and divide the whole thing by 


the height. ; ; 
| Tf the chord is 6 inches as in Fig. 9, and the height 13 inches we 


have 
2 chord? + height? _ 3? a 1}? wee, aut a ut = rE inches 
height 13 13 Iz 
Or as in Fig. ro, call the chord ro inches and the height r inch, 
then the figures are 


Ce oh Oe he 
I 


38 


26 inches, 


In Fig. 11 we have a piece of a broken pulley, and find the chord 
_ B to be 24 inches, and the height A to be 2inches. This becomes 


ro? + 2? 144+ 4 _ 148 


= 74, so that the diameter of the 


2 2 
' pulley is 74 inches 


PROPERTIES OF REGULAR FIGURES 
The Circle 


A circle is a continuous curved line having every point at an equal 
distance from the center. 

Its perimeter or circumference is always 3.14159265359 times the 
diameter, although 3.1416 is generally used and 34 is a very close 
approximation. 

Area equals the diameter squared X 0.7854, or half the diameter 
‘squared X 3.1416, or half the diameter x half the circumference. 

| Diameter or a square having equal area = diameter of circle 
times 0.891 very nearly. 


Triangle 


Equilateral triangle is a regular figure having three equal sides 
and three equal angles of 60 degrees each. 

The side equals 0.866 times the diameter of enclosing circle. 

Distance from one side to opposite point equals the side times 
0.866 or diameter of enclosing circle X.0.75 or inside circle X 1} 

Diameter of enclosing circle equals the side times 1.1546 or 1}. 
times distance from side to point or twice inside circle. 
x, mannetes of inside circle equals side times 0.5774 or } the enclosing 
‘circle, 

The area equals one side multiplied by itself and by 0.433013. 
. Diameter of circle having equal area equals side of triangle times 


0.73. 


eee 
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The Square 


A square is a figure with four equal sides and four equal angles 
of go degrees. 

Its perimeter or outside surface is four times the length of one side. 

Area equals one side multiplied by the other which is the same as 
multiplying by itself or “squaring.” 

Diagonal or “long diameter,’ or “distance across corners,” 
equals the side multiplied by 1.414. 

Area of circle that will go inside the square equals one side mul- 
tiplied by itself times 9.7854 or 0.7854 times the area of the square. 

Area of cirele that will just enclose the square equals diagonal 
multiplied by itself times 0.7854 or 1.27 times the area of the square. 

Diameter of a circle having an equal area is 1,126 or practically 
14 times the side of the square. 


The Hexagon 


A hexagon is a regular figure with six equal sides and six equal 
angles of 120 degrees. It can be drawn inside a circle by spacing 
around with the radius of the circle. 

The side equals half the diameter of enclosing circle. 

The long diameter equals diameter of enclosing circle or twice 
the length of one side. 

The short diameter equals the long diameter multiplied by o. 366 
or 1.732 times one side. 

The area equals one side multiplied by itself and by 2.5981. 

The area of enclosing circle is one side multiplied by itself and 
by 3.1416. 

The area of an inside circle is the short diameter multiplied by 
itself and by 0.7854. 

Diameter of circle having equal area is practically 0.9 times long 
diameter. 


The Octagon 


An octagon is a regular figure with eight equal sides and eight 
equal angles of 135 degrees. 

The side equals the long diameter multiplied by 0.382. 

The side equals the short diameter multiplied by 0.415. 

The long diameter equals diameter of enclosing circle or one side 
multiplied by 2.62. 

The short diameter equals the long diameter multiplied by 0.93, 
or one side multiplied by 2.414. | 

The area equals one side multiplied by itself and by 4.8284. | 

The area of enclosing circle is 1.126 times area of octagon. 

The area of inside circle is 0.972 times area of octagon. | 

The diameter of a circle having equal area is 0,953 times the long 
diameter of the octagon, 


Ld 
0D SI AnAW DH HO | Be 


0° 
Tan. | Co-TAn. 
.cooco | Infinite. 
.00029 | 3437-750 
00058 | 1718.870 
00087 | 1145.920 
00116 | 850.436 
00145 687.549 
00175 | 572.957 
100204] 401.106 
00233 | 429.718 
100202 | 381.971 
002901 | 343.774 
100320 | 312.521 
200349 | 286.478 
100378 204.441 
00407 | 245.552 
100436 220.182 
100465 | 214.858 
100495 | 202.219 
100524 | 190.984 
00553] 180.932 
00582 171.885 
.00611 163.700 
00640 | 156.250 
00669 | 149.405 
00698 | 143.237 
,0072"7 137-507 
100756 | 132.219 
00785 127.321 
00814 | 122.774 
00844 | 118.540 
00873 | 114.580 
s00902 110.892 
£00931 107.426 
,00960 104.171 
,00989 IOI.I07 
01018 98.2179 
01047 95-4805 
.01076 92.9085 
sO1I05 90.4633 
1135 88.1436 
01164 85.9308 
1193 83.8435 
.01222 81.8470 
01251] 79.9434 
01280 78.1263 
.01309 6.3900 
01338 74-7202 
01307 73-1390 
01306 7I.O151 
01425 70.1533 
-O1455 68.7501 
01484 67.4019 
1513 66.1055 
.O1542 64.8580 
<O1571 63.6567 
01600 62.4002 
.01629 61.3820 
01658 60.3058 
01687 59.2650 
01716 58.2612 
01746 57-2900 
Co-ran.| _ TAN, 
89° 


TANGENTS 


~ yo 90° go 
Tan. | Co-ran.|| Tan. | Co-ran.|} Tan. | Co-ran. 
-01746 | 57.2000 || .03492 | 28.6363 || .os24r | 19.0811 
01775 | 56.3506 || 03521 | 28.3904 || .05270 | 18.0755 
01804 | 55.4415|| 03550 | 28.1664 || .05209 | 18.8711 
01833 | 54-5613 || .03570 | 27.9372 || .05328 | 18.7678 
101862 | 53-7086 || .03609 | 27.7117 || .05357 | 18.6656 
01891 | 52.8821 || 03638 | 27.4809 || 105387 | 18-5645 
+01920 | 52.0807 || 03667 | 27.2715 |] 05416 | 18.4645 
01049 | 51.3032 || 03696 | 27.0566 || .05445 | 18.3655 
01978 | 50.5485 || 03725 | 26.8450 |] 05474 | 18.2677 
02007 | 40.8157 }) .03754 | 26.6367 |] .05503 | 18.1708 
02036 | 49.1039 || .03783 | 26.4316 || .05533 | 18.0750 
02066 | 48.4121 }| .03812 | 26.2206 |} .05562 | 17.0802 
02095 | 47-7395 || 03842 | 26.0307 || .ossor 17.8863 
102124 | 47.0853 || .03871 | 25.8348 || .05620 | 17.7934 
+02153 | 46.4489 || .03000 | 25.6418 || 05649 | 17.7015 
02182 | 45.8204 || .03020 | 25.4517 || 05678 | 17.6106 
02211 | 45.2261 || 03058 | 25.2644 |} .05708 | 17.5205 
+02240 | 44.6386 ]| .03087 | 25.0708 || .05737 | 17.4314 
02200 | 44.0061 || .o4016 | 24.8978 |] .05766 | 17.3432 
02298, | 43.5081 || .04046 | 24.7185 |] 05705 17.2558 
02328 | 42.9641 || .04075 | 24.5418 |] .o5824 17.1693 
02357 | 42.4335 || .04104 | 24.3675 || 05854 | 17.0837 
02386 | 41.9158 || .04133 | 24-1057 || 05883 | 16.9990 
02415 | 41.4106 || .04162 | 24.0263 }} .o5912 | 16.0150 
02444 | 40.0174 || .O419r | 23.8593 |} .o59041 | 16.8319 
02473 | 40.4358 || .04220 | 23.6045 || .05970 | 16.7400 
02502 | 39.0055,|| .04250 | 23.5321 || .o5909 | 16.0681 
02531 | 39-5050 || .04279 | 23.3718 || 06020 | 16.5874 
102560 | 39.0568 || .04308 | 23.2137 || .06058 | 16.5075 
02589 | 38.6177 || .04337 | 23.0577 |] .06087 | 16.4283 
02619 | 38.1885 || .04366 | 22.9038 |] .06116 | 16.3499 
.02648 | 37.7686 || 04305 | 22.7510 || .o6145 | 16.2722 
02077 | 37-3579 || 04424 | 22.6020 || .o6175 16.1952 
«02706 | 36.9560 || .04454 | 22.4541 06204 | 16.1190 
02735 | 36-5627 || .04483 | 22.3081 || .06233 16.0435 
102704 | 30.1776 || 04512 | 22.1640 || .06262 | 15.9687 
+02793 | 35.8006 || 04541 | 22.0217 |} .06201 | 15.8045 
02822 | 35.4313 || .04570 | 21.8813 || .0632T 15-8211 
102851 | 35.0695 || .04509 | 21.7426 || 06350 15.7483 
02881 | 34.7151 || 04628 | 21.6056 || 06379 | 15.6762 
02910 | 34.3678 || .04658 | 21.4704 || 06408 | 15.6048 
:02939 | 34.0273 || .04687 | 21.3360 || 06437 | 15.5340 
029068 | 33.6935 || .04716 | 21.2049 || 06467 | x 5.4038 
02997 | 33.3662 || .04745 | 21.0747 || 06406 | 15.3043 
+03020 | 33.0452 || .04774 | 20.9460 |] .06525 | 15.3254 
103055 | 32-7303 || .04803 | 20.8188 || 06554 | x5.2571 
03084 | 32.4213 || .04832 | 20.6932 |] .06584 | 15.1893 
03114 | 32.1181 || .04862 | 20.5601 || 06613 | 15.1222 
-03143 | 31.8205 || 04801 | 20.4465 || .06642 | 15.0557 
+03172 | 31.5284 || .04920 | 20.3253 || 06671 | 14.9808 
+03201 | 31.2416 || .04949 | 20.2056 || 06700 | 14.9244 
-03230 | 30.0599 || .04978 | 20.0872 || .06730 | 14.8506 
-©3259 | 30.6833 || .o5007 | 19.9702 |] .06750 | 14.7054 
03288 | 30-4116 || .05037 | 19.8546 || 06788 14-7317 
03317 | 30.1446 || .05066 | 19.7403 || .06817 | 14.6685 
-03346 | 29.8823 || .o5005 | 19.6273 || .06847 | 14.6050 
03376 | 209.6245 || .05124 | 19.5156 || .06876 | 14.5438 
©3405 | 20.3711 || 05153 | 19.4051 || .c6905 | 14.4823 
03434 | 20.1220 || 05182 | 19.2959 || 06034 | 14.4212 
-03463 | 28.8771 || 05212 | 19.1879 |] 06063 | 14.3607 
03492 | 28.6363 || 05241 | 19.0811 |} .06993 | 14.3007 

Co-ran.| Tan. ||Co-ran.| Tan. |\Co-ran.| Tan. 

88° 87° ° 
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4° 5° 6° 

’ | Tan. | Co-ran.|| Tan. ) Co-ran. || Tan. | Co-Tan. 
© | .06903 | 14.3007 |} .08740 | 11.4301 -10510 | 9.51436 
I | 07022 | 14.2411 |] .08778 | 11.3910 -10540 | 9.48781 
2 | 07051 | 14.1821 |} .08807 | 11.3540 +10569 | 9.46141 
3 | 07080 | 14.1235 |] .08837 | 11.3163 -10500 | 9.43515 
4 | 07110 | 14.0655 || .08866 | 11.2789 -10628 | 9.40904 
5 | ©7130 | 14-0079 || 08805 | 11.2417 +10657 | 9.38307 
6 | .07168 | 13.9507 || .08925 | 11.2048 +10687 | 9.35724 
7 | 07197 | 13-8040 || 8054 | 11.1681 10716 | 9.33154 
8 | .07227 | 13.3378 || .08083 | 11.1316 -10746 | 9.30500 
9 | .07256 | 13.7821 || .o90r3 | 11.0954 -10775 | 9.28058 
Io | .07285 | 13.7267 || .c9042 | 11.0504 -10805 | 9.25530 
Ir | .07314 | 13-6710 }| .o9071 | 11.0237 10834 | 9.23016 
12 | .07344 | 13-6174 || .cg1or | 10.9882 -10863 | 9.20516 
13 | ©7373 | 13-5634 || 09130 | 10.9529 || .10893 | 9.18028 
14 | .07402 | 13.5008 || .o9159 | 10.9178 || .to922 | 9.15554 
I5 | ©7431 | 13.4566,)| .09189 | 10.8829 -10952 | 9.13003 
16 | .07461 | 13-4039 || .09218 | 10.8483 -109081 | 9.10646 
17 | 07490. | 13.3515 || .09247 | 10.8139 |] .t1011 | 9.08211 
18 | .07519 | 13.2096 || .09277 | 10.7707 -11040 | 9.05789 
I9 | .07548 | 13.2480 || .09306 | 10.7457 «11070 | 9.03370 
20 | .07578 | 13-1960 || .09335 | 10-7119 ||. 11099 9.009083 
21 | .07607 | 13.1461 || .09365 | 10.6783 |] .11128 | 8.98508 
22 | .07636 | 13.0058 || .09304 | 10.6450 -11158 | 8.96227 
23 | .07665 | 13.0458 || .09423 | 10.6118 -11187 | 8.93867 
24 | .07695 | 12.9962 || .09453 | 10.5780 -I1217 | 8.91520 
25 | ©7724 | 12.9460 || .09482 | 10.5462 11246 | 8.89185 
26 | .07753 | 12.8981 ||..09511 | 10.5136 -11276 | 8.86862 
27 | .07782 | 12.8496 || .o9s4z | 10.4813 -11305 | 8.84551 
28 | 07812 | 12.8014 || .09570 | 10.4401 +11335 | 8.82252 
29 | .07841 | 12.7536 || .09600 | 10.4172 -11364 | 8.70064 
30 | .07870 | 12.7062 || .09629 | 10.3854 -11394 | 8.77680 
31 | .07809 | 12.6501 || .09658 | 10.3538 11423 | 8.75425 
32 | .07029 | 12.6124 || .09688 | 10.3224 -11452 | 8.73172 
33 | 07958 | 12.5660 || .09717 | 10.2013 -11482 | 8.70931 
34 | .07087 | 12.5199 || .09746 | 10.2602 -I1511 | 8.68701 
35 | 08017 | 12.4742 || .09776 | 10.2204 -I1541 | 8.66482 
36 | .08046 | 12.4288 || .og805 | 10.1988 -11570 | 8.64275 
37 | 08075 | 12.3838 || .090834 | 10.1683 «11600 | 8.62078 
38 | .08104 | 12.3300 || .09864 | 10.1381 «11629 | 8.59803 
39 | .08134 | 12.2046 |] .09893 | 10.1080 -11650 | 8.57718 
40 | .08163 | 12.2505 || .09923 | 10.0780 -11088 | 8.55555 
41 | .08192 | 12.2067 |] .o9952 | 10.0483 11718 | 8.53402 
42 | .o8221 | 12.1632 || .o998r | 10.0187 +11747 | 8.51250 
43 | 08251 | 12.1201 || .roo1r | 9.98931 || .11777 8.49128 
44 | .08280 | 12.0772 || .10040 9-96007 || .11806 | 8.47007 
45 | .08309 | 12.0346] .10069 | 9.93101 || .t 1836 | 8.44806 
46 | .08330 | 11.9923 |) .t0099 | 9.00211 |} .x 1865 | 8.42705 
47 | 08368 | 11.9504 || 10128 | 9.87338 -11895 | 8.40705 
48 | .08307 | 11.9087 || .t0158 9.84482 || .11924 | 8.38625 
49 | 08427 | 11.8673 || .10187 9.81641 || .11054 | 8.36555 
50 | .08456 | 11.8262 || .10216 | 9.78817 || .r 1983 | 8.34406 
$1 | .08485 | 11.7853 || .10246 | 9.76009 -12013 | 8.32446 
52 | 08514 | 11.7448 || .10275 | 0.73217 -12042 | 8.30406 
53 | 08544 | 11.7045 || .10305 9-70441 || .12072 | 8.28376 
54 | 08573 | 11.6645 || .10334 | 9.67680 || .12101 8.26355 
55 | 08602 | 11.6248 || .10363 | 9.64035 -12131 | 8.24345 
56 | .08632 | 11.5853 |] 10303 | 9.62205 || .12160 8.22344 
57 | .08661 | 11.5461 |} 10422 | 9.59490 -T2190 | 8.20352 
58 | 08690 | 11.5072 || .10452 | 9.56701 12219 | 8.18370 
$9 | .08720 | 11.4685 || .10481 | 9.54106 || .122409 8.16308 
08749 | 11.4301 || .10510 | 9.51436 +12278 | 8.14435 

” |Co-ran.! Tan. |\Co-ran.| Tan. |\Co-ran.|) ‘Tan. 

85° } g4e ° 


7 


Tan. | Co-ran. 


12278 | 8.14435 
-12308 | 8.12481 
+12338 | 8.10536 
+12367 | 8.08600 
+12307 | 8.06674 
+12426 | 8.04756 
+12456 | 8.02848 
-12485 | 8.00948 
-12515 | 7.99058 
12544 | 7.97176 
12574 | 7.05302 


-12603 | 7.93438 
-12633 | 7.01582 
12062 | 7.890734 
-12692 | 7.87805 
+12722 | 7.86064 
+1275 | 7.84242 
-1278t | 7.82428 
.12810 | 7.80622 
-12840 | 7.78825 
-12869 | 7.77035 


-12809 | 7.75254 
-12029 | 7.73480 
+12058 | 7.71715 
-12988 | 7.60057 
+I13017 | 7.68208 
+13047 | 7.66466 
+13076 | 7.64732 
+13106 | 7.63005 
+13136 | 7.61287 
+3105 | 7.50575 
“13105 | 7.57872 
+13224 | 7.56176 
13254 | 7.54487 
13284 | 7.52806 
-13313 | 7.51132 
-13343 | 7.40465 
:13372 | 7.47806 
-13402 | 7.46154 
+13432 | 7.44500 
-13461 | 7.42871 


13491 | 7.41240 


+1352 | 7.30616 
+13550 | 7.37900 
-13580 | 7.36380 
+13609 | 7.34786 
+13630 | 7.33190 
+3660 | 7.31600 
-13698 | 7.30018 
13728 | 7.28442 
13758 | 7.26873 
-13787 | 7.25310 
-13817 | 7.23754 
+13846 | 7.22204 
+13876 | 7.20661 
-13906 | 7.19125 
-13035 | 7-17504 
+13065 | 7.16071 
+3005 | 7-14553 
-14024 | 7.13042 
-14054 | 7.11537 


‘Co-ran.| TAN, 
g2° 
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’ | Tan. | Co-ran.|| Tan. | Co-ran. | Tan. Co-ran. || Tan. | Co-ran. | ’ 
© | -14054 | 7-11537 || 15838 | 6.31375 || .17633 | 5.67128 || .19438 | 5.14455 | 60 
I | .14084 | 7.10038 || .15868 | 6.30189 || .17663 | 5.66165 -19468 | 5.13658 | so 
2} -14113 | 7.08546 || .15898 | 6.29007 || .17603 | 5.65205 || «19408 | 5.12862 53 
3 | £4143 | 7.07059 || .15928 | 6.27829 || .17723 | 5.64248 || .19529 | 5.12060 | 57 
4 | -14173 | 7-05579 || -15958 | 6.26655 || .17753 | 5.63295 || «10559 | 5.11270 | 56 
5 | -14202 | 7.04105 |] .15088 | 6.25486 || .17783 | 5.62344 || 19580 | 5.10490 55 
6 | .14232 | 7.02637 || .16017 | 6.24321 || «17813 | 5.61307 19610 | 5.00704 | 54 
4 | 14262 | 7.01174 || .16047 | 6.23160 || .17843 | 5.60452 19640 | 5.08921 | 53 
8 | .14291 | 6.99718 || .16077 | 6.22003 || .17873 5-59511 || -19680 | 5.08139 | 52 
9 | -14321 | 6.98268 || .16107 | 6.20851 || 17903 | 5.58573 || .19710 5.07300 | 51 
TO | +1435I | 6.96823 || .16137 | 6.19703 || .17933 | 5.57638 || .19740 | 5.06584 | 50 
It | .14381 | 6.95385 || 16167 | 6.18550 || .17963 | 5.56706 || .19770 5.05800 | 40 
12 | -14410 | 6.93952 || «16196 | 6.17410 || .17003 | 5.55777 || .1980r 5.05037 | 48 
13 | -14440 | 6.92525 || .16226 | 6.16283 || .18023 | 5.54851 |} .10831 5.04267 | 47 
14 | -14470 | 6.91104 || .16256 | 6.15151 || .18053 | 5:53927 |] .1986r | 5.03400 | 46 
5 ! .14409 | 6.89688 || .16286 | 6.14023 || .18083 | 5.53007 || .19801 | 5.02734 45 
16 { -14520 | 6.88278 || .16316 | 6.12899 || .18113 5.52090 |} .1902T | 5.01971 | 44 
17 | -14559 | 6'86874 || .16346 | 6.11779 || 18143 | 5.51176 || .19052 | 5.01210 43 
18 | .14588 | 6.85475 || .16376 | 6.10664 |} .18173 5.50264 || .19082 | 5.00451 | 42 
19 | -14018 | 6.84982 || .16405'| 6.09552 || .18203 | 5.49356 || .20012 4.00605 | 4z 
20 | 14648 | 6.82694 || .16435 | 6.08444 || .18233 5.48451 || .20042 | 4.98940 | 4o 
21 | 14678 | 6.81312 || .16465 | 6.07340 || .18263 5-47548 |) .20073 | 4.98188 | 39 
22 | -147°7 | 6.79036 || .16495 | 6.06240 || .18203 | 5.46648 || .20103 4:07438 | 38 
23 | -14737 | 6.78564 || .16525 | 6.05143 || .18323 | 5.45751 || .20133 | 4.06690 37 
24 | .14767 | 6.77109 || «16555 | 6.04051 || .18353 5.44857 || .20164 | 4.05045 | 36 
25 | -14796 | 6.75838 || .16535 | 6.02062 || .18383 5-43006 |} .20104 | 4.05201 | 35 
26 | .14826 | 6.74483 || .16615 | 6.01878 |] 18414 5.43077 || .20224 | 4.904460 | 34 
27 | -14856 | 6.73133 || 16645 | 6.00707 || .18444 | 5.42102 |] .20254 | 4.03721 | 33 
28 | -14886 | 6.71789 |] .16674 | 5.99720 || .18474 §-41309 || .20285 | 4.92084 | 32 
29 | -14915 | 6.70450 || .16704 | 5.98646 || .18504 | 5.40429 || .20315 4.92249 | 31 
30 | +14945 | 6.69116 || .16734 | 5.07576 || 48534 | 5.30552 || .20345 | 4.01516 | 30 
31 | -14975 | 6.67787 || .16764 | 5.96510 || .18564 | 5.38677 || .20376 | 4.00785 20 
32 | -15005 | 6.66463 || .16704 | 5.05448 || .18504 | 5.37805 || .20406 490056 | 28 
33 | -15034 | 6.65144 || .16824 | 5.04390 || .18624 | 5.36936 || .20436 | 4.80330 27 
34 | -15064 | 6.63831 || .16854 | 5.03335 || «18654 536070 || .20466 | 4.88605 | 26 
35 | -15004 | 6.62523 || .16884 | 5.92283 || .18684 | 5.35206 || .20407 | 4.87882 25 
30 | .15124 | 6.61219 || .16914 | 5.91235 || 18714 534345 || -20527 | 4.87152 | 24 
37 | -15153 | 6.59921 || .16044 | 5.90101 || «18745 | 5.33487 || 20557 | 4.86444 | 23 
38 | .15183 | 6.58627 || .16974 | 5.89151 || .18775 5.32031 || .20588 | 4.85727 | 22 
39 | 15213 | 6.57339 || .17004 | 5.88114 || .18805 | 5.31778 || .20618 4-85013 | 21 
49 | +15243 | 6.56055 || .17033 | 5.87080 || .18835 | 5.30928 || .20648 4.84300 | 20 
41 | 15272 | 6.54777 || 17063 | 5.86051 || .18865 | 5.30080 |] .20679 | 4.83500 | 19 
42 | .15302 | 6.53503 || .17093 | 5-85024 || .18895 5-29235 || -20709 |} 4.82882 | 18 
43 | -15332 | 6.52234 || .17123 | 5.84001 |] .18925 | 5.28303 || .20730 | 4.82175 | 17 
44 | -15302 | 6.50070 || .17153 | 5.82082 || .18955 5+27553 || -20770 | 4.81471 | 16 
45 | -15391 | 6.49710 || .17183 | 5.81966 || .18986 | 5.26715 || .20800 | 4.80760 | 15 
40 | .15421 | 6.48456 || .17213 | 5.80953 || .19016 5+25880 || .20830 | 4.80068 | 14 
47 | -1S45% | 6.47206 || .17243 | 5.70044 || .19046 | 5.25048 |] 20861 4-79370 | 13 
48 | .1548x | 6.45062 || .17273 | 5.78038 || 19076 5.24218 || .20891 | 4.78673 | 1a 
49 | 15511 | 6.44720 || -17303 | 5.77036 || .t9106 | 5.23301 || 20021 4:77978 | 11 
5° | -1554° | 6.43484 || .17333 | 5-76037 || «19136 | 5.22566 || .20952 4-77286 | I0 
ST | -15570 | 6.42253 || .17363 | 5.750941 || -19166,| 5.21744 || .20082 | 4.76505 9 
$2 | «15600 | 6.41026 |! 117303 5-74049 || «19197 | 5.20925 || .21013 | 4.75900 8 
53 | -15630 | 6.39804 || 17423 §:73900 || «19227 | 5.20107 || .21043 | 4.75219 7 
54 | -15000 | 6.38587 || .r7453 | 5.72074 || .10257 | 5.10203 || .21073 | 4.74534 | 6 
55 | -15689 6.37374 +17483 | 5.71092 || .19287 | 5.18480 || .21104 | 4.73851 | 5 
56 | .15719 | 6.36165 || 17513 | 5.71073 |] .193r7 | 5.17671 +2134 | 4.73170 | 4 
57 | -15749 | 6.34961 || .17543 | 5.70037 || .19347 | 5.16863 || .21164 | 4.72490 | 3 
58 | -15770 | 6.33761 || 17573 | 5.60064 |} .10378 | 5.16058 |] .2r1095 4.71813 | 2 
59 | .15809 | 6.32566 || .17603 | 5.68094 || .19408 | 5.15256 +21225 | 4.71137 1 
bo | .15838 | 6.31375 || 17633 | 5.67128 || .19438 | 5.14455 +21256 | 4.70463 | a 

* |Co-ran.! Tan. ||Co-ran.! Tan. ||Co-ran.! Tan. |\Co-ran.| Tan. | ’ 
81° 80° 79° | 78° 


ee) 
mn 
Ov 


SHOP TRIGONOMETRY 


12° 13° 14° 

, ‘af . . £3 . . ie . 
bes Tan. ; Co-ran.|| Tan. | Co-raAn | Tan. | Co-TAN 
© | .21256 | 4.70463 || .23087 | 4.33148 || .24033 | 4.01078 

1 | .21286 | 4.69791 || -23117 | 4.32573 || 24964 | 4.00582 

2 | .21316 | 4.69121 || .23148 | 4.32001 || .24905 | 4.00086 

3 | 21347 | 4.68452 || -23170 | 4.31430 || .25026 | 3.09502 

4 | -21377 | 4.67786 || .23209 | 4.30860 || .25056 | 3.99000 

5 | .21408 | 4.67121 || .23240 | 4.30201 || .25087 | 3.98607 

6 | .21438 | 4.66458 || .23271 | 4.20724 || .25118 | 3.08117 

7 | .21469 | 4.65707 || .23301 | 4.20150 || 25149 | 3-97627 

8 | .21400 | 4.65138 || .23332 | 4.28505 || -25180 | 3.071390 

9 | .21520 | 4.64480 || .23363 | 4.28032 || -25211 | 3-90651 
10 | .21560 | 4.63825 || .23303 | 4.27471 |] 25242 | 3.96165 
rz | .21500 | 4.63172 || .23424 | 4.26012 || .25273 | 3.05680 
12 | .21621 | 4.62518 || .23455 | 4.20352 || .25304 | 3.95190 
13 | .21651 | 4.61868 || .23485 | 4.25795 || -25335 | 3-94713 
14 | .21682 | 4.61210 || .23516 | 4.25230 || -25306 | 3-94232 
15 | .21712 | 4.60572 || .23547 | 4.24685 || .25307 | 3-03751 
16 | .21743 | 4-50927 || .23578 | 4.24132 || .25428 | 3.03271 
17 | -21773 | 4.59283 || .23608 | 4.23580 || .25450 | 3-02793 
18 | .21804 | 4.58641 |] .236309 | 4-23030 || -25400 | 3.02310 
19 | .21834 | 4.58001 || .23670 | 4.22481 || .25521 | 3.91830 
20 | .21864 | 4.57363 || .23700 | 4.21933 || »25552 | 3.01364 
2r | .21895 | 4.56726 |} .23731 | 4.21387 || .25583 | 3.90890 
22 | .21925 | 4.56091 || .23762 | 4.20842 || .25614 | 3.90417 
23 | .21956 | 4.55458 || .23703 | 4.20208 || .25645 | 3.80045 
24 | .21986 | 4.54826 || .23823 | 4.10756 || .25676 | 3.80474 
25 | .22017 | 4.541096 || .23854 | 4.19215 |] .25707 | 3.80004 
26 | .22047 | 4.53568 || .23885 | 4.18675 |] .25738 | 3.88536 
27 | .22078 | 4.52941 || .23916 | 4.18137 || .25769 | 3.88068 
28 | .22108 | 4.52316 || .23046 | 4.17600 || .25800 | 3.87601 
29 | .22130 | 4.51603 || -23077 | 4.17064 || .25831 | 3.87136 
go | .22169 | 4.51071 || .24008 | 4.16530 || .25862 | 3.86671 
31 | .22200 | 4.50451 |] .24030 | 4.15907 || .25803 | 3.86208 
32 | .22231 | 4.49832 || .24069 | 4.15465 || .25024 | 3.85745 
33 | 22261 | 4.40215 || .24100 | 4.14934 || 25055 | 3.85284 
34 | .22292 | 4.48600 |} .24131 | 4.14405 || .25986 | 3.84824 
35 | .22322 | 4.47986 || .24162 | 4.13877 || .26017 | 3.84364 
36 | .22353 | 4.47374 || -24103 | 4-13350 || .26048 | 3.83006 
37 | 22383 | 4.46764 || .24223 | 4.12825 || .26070 | 3.83449 
38 | .22414 | 4.46155 || .24254 | 4.12301 || .26110 | 3.829092 
39 | .22444 | 4.45548 || .24285 | 4.11778 || 26141 | 3.82537 
4° | .22475 | 4.44942 || -24316 | 4.11256 || .26172 | 3.82083 
41 | .22505 | 4.44338 || .24347 | 4.10736 || .26203 | 3.81630 
42 | .22530 | 4.43735 || -24377 | 4.10270 || .26235 | 3.81177 
43 | .22567 | 4.43134 || .24408 | 4.09609 || .26266 | 3.80726 
44 | .22507 | 4.42534 || .24439 | 4.00182 || .26207 | 3.80276 
45 | .22628 | 4.41936 || .24470 | 4.08666 || .26328 | 3.70827 
46 | .22658 | 4.41340 || .24501 | 4.08152 || .26350 | 3.79378 
47 | .22689 | 4.40745 || .24532 | 4.07630 || .26300 | 3.78031 
48 | .22710 | 4.40152 |] .24562 | 4.07127 || .2642r | 3.78485 
49 | .22750 | 4.39560 || .245093 | 4.06616 || .26452 | 3.78040 
50 | .2278r | 4.38069 || .24624 | 4.06107 || .26483 | 3.77505 
51 | .22811 | 4.38381 || .24655 | 4.05500 || .26515 | 3.77152 
52 | -22842 | 4.37703 || .24686 | 4.05002 || .26546 | 3.76700 
53 | -22872 | 4.37207 || .24717 | 4.04586 || .26577 | 3-76268 
54 | .22903 | 4.36623 || .24747 | 4.04081 |] .26608 | 3.75828 
55 | -22034 | 4.36040 || .24778 | 4.03578 || .26639 | 3-75388 
56 | -22064 | 4.35459 || .24809 | 4.03075 || .26670 | 3-74950 
57 | -22005 | 4.34879 || .24840 | 4.02574 || .26701 | 3.74512 
58 | .23026 | 4.34300 |} .24871 | 4.02074 |] .26733 | 3-74075 
59 | -23056 | 4.33723 || -24002 | 4.01576 || .26764 | 3.73640 
60 | .23087 | 4.33148 || .24033 | 4.01078 || .26705 | 3-73205 

Co-ran,! Tan. |{Co-ran.| Tan. |/Co-ran.' Tan. 
its 76° 75° 


Co-TAN 

3-73205 

3-72771 

-20857 | 3-72338 
-20888 | 3.71907 
.26920 | 3.71476 
.20951 | 3.71046 
+26982 | 3.70616 
+27013 | 3-70138 
+27044 | 3.60761 
127076 | 3.60335 
-27107 | 3.68909 
-27138 | 3.68485 
-27169 | 3.68061 
+27231 | 3.67638 
-27232 | 3.67217 
-27203 | 3.06796 
+27204 | 3.66376 
+27320 | 3-65057 
27357 | 3-05538 
+27388 | 3.65121 
+27419 | 3-64705 
27451 | 3.64289 
27482 | 3-63874 
»27513 | 3-63461 
27545 | 3.63048 
-27570 | 3.62636 
-27007 | 3.62224 
-27638 | 3.61814 
-27070 | 3.61405 
«27701 | 3.60906 
-27732 | 3.60588 
27764 | 3.60181 
-27795.| 3-59775 
.27826 | 3.50370 
.27858 | 3.58966 
.27889 | 3.58562 
-27920 | 3.58160 
:27052 | 3-57758 
+27083 | 3-57357 
.28015 | 3.56057 
-28046 | 3.56557 
.28077 | 3.56150 
.28109 | 3.55701 
-28140 | 3.55364 
28172 | 3.54968 
-28203 | 3.54573 
28234 | 3.54179 
-28266 | 3.53785 
-28207 | 3-53393 
-28320 | 3.53001 
-28360 | 3.52609 
-28391 | 3.52219 
-28423 | 3.51820 
-28454 | 351441 
.28486 | 3.51053 
.28517 | 3.50666 
28540 | 3.50279 
3-49804 

3:49500 

3-49125 

3-48741 

Co-Tan.' Tan. 

74° 


15° 


~ 
|e HwWAU ON WO 


TANGENTS 857 


16° Ie 18° 19° 


Tan. | Co-ran.|| TAN. | Co-ran.|| Tan. | Co-ran. |] Tan. Co-Tan, 


i] 
OO OI OW bwWHHO 


L LE Sea Sa) SS 
-28675 | 3.48741 || .30573 | 3.27085 || .32492 | 3.07768 || .34433 2.90421 | 60 


-28700 | 3.48359 || .30005 | 3.26745 || .32524 | 3.07464 || .34405 2.00147 | 59 
-28738 | 3.47977 || .30637 | 3.26406 || .32556 | 3.07160 || .34408 2.89873 | 58 
-28760 | 3.47500 || .30669 | 3.26067 || .32588 3.06857 || .34530 | 2.80600 | 57 
-28800 | 3.47216 || .30700 | 3.25720 || .32621 3.06554 || .34563 | 2.89327 | 56 
28832 | 3.46837 || .30732 | 3.25302 || .32653 | 3.06252 || 34500 2.89055 | 55 
-28864 | 3.46458 || .30764 | 3.25055 || .32685 3-05950 || .34628 | 2.88783 | 54 
28895 | 3.40080 || .30706 | 3.24719 || .32727- 3-05649 || -34661 | 2.88511 | 53 
-28927 | 3.45703 || .30828 | 3.24383 +32749 | 3-05349 || .34603 2.88240 | 52 
28058 | 3.45327 || .30860 | 3.24040 |] .32782 3.05049 || .34726 | 2.87970 | 51 
-28990 | 3.44951 || 30891 | 3.23714 |] ‘32814 | 3.04740 || .34758 | 2.87700 | so 
29021 | 3.44576 || .30923 | 3.23381 || .32846 | 3.04450 || .34701"| 2.87430 | 40 
+29953 | 3-44202 || .30055 | 3.23048 || .32878 | 3.04152 || .34824 2.87161 | 48 
-29084 | 3.43829 || .30087 | 3.22715 || .32011 3-03854 || -34856 | 2.86892 | 47 
20110 | 3.43456 || .31019 | 3.22384 || .32043 | 3.03556 34889 | 2.86624 | 46 
-20147 | 3-43084 || .31051 | 3.22053 || .32075 3-03260 || .34922 | 2.86356 | 45 
290179 | 3.42713 || .31083 | 3.21722 || .33007 | 3.02063 +34954 | 2.86089 | 44 
*29210 | 3.42343 || 31115 | 3.21392 || .33040 | 3.02667 || .34087 | 2.85822 43 
+29242 | 3.41073 || -31147 | 3.21063 || .33072 | 3.02372 || .35010 2.85555 | 42 
+20274 | 3.41604 || .31178 | 3.20734 || .33104 3-02077 || -35052 | 2.85289 | ar 
-29305 | 3-41236 || .31210 | 3.20406 || .33136 3.01783 |} -35085 | 2.85023 | 40 


-20337 | 3.40860 || .31242 | 3.20079 || .33160 3.01489 || .35117 | 2.84758 | 30 
-29308 | 3.40502 || .31274 | 3.19752 || .33202 3-01196 || .35150 | 2.84494 | 38 
+29400 | 3.40136 || .31306 | 3.19426 || .33233 3.00903 || .35183 | 2.84229 | 37 
-20432 | 3-39771 || -31338 | 3.19100 || .33266 | 3.00611 -35216 | 2.83065 | 36 
29463 | 3-39406 || .31370 | 3.18775 || .33298 | 3.00310 || .35248 | 2.83702 35 
*29405 | 3.39042 || 31402 | 3.1845r || .33330 | 3.00028 || .35281 | 2.83439 | 34 
29520 | 3.38679 || .31434 | 3.181271] .33363 | 2.00738 || -35314 | 2.83176 | 33 
-29558 | 3.38317 || .31466 | 3.17804 || .33305 | 2.90447 || .35346 2.82014 | 32 
29590 | 3-37955 || -31498 | 3.1748r || 33427 | 2.090158 || -35370 | 2.82653 | 3x 
+2062 | 3.37504 || .31530 | 3.17150 +33460 | 2.98868 || .35412 | 2.82391 | 30 
-29053 | 3.37234 || .31562 | 3.16838 +33402 | 2.98580 || .35445 | 2.82130 | 20 
-20085 | 3.36875 || .31504 | 3-16517 +33524 | 2.98202 |! .35477 | 2.81870 | 28 
-20710 | 3.30516 |} .31626 | 3.16197 || .33557 2.98004 |] .35510 | 2.81610 | 27 
-29748 | 3.36158 || .31658 | 3.15877 || .33580 | 2.07717 || .35543 2.81350 | 26 
-29780 | 3.35800 ||| .31690 | 3.15558 || .3362% 2.97430 || .35576 | 2.81091 | 25 
-29811 | 3.35443 || .31722 | 3.15240 -33654 | 2.97144 || .35608 | 2.80833 | 24 
-29843 | 3.35087 |} .31754 | 3-14922 || .33686 2.96858 || 35641 | 2.80574 | 23 
-29875 | 3.34732 || .31786 | 3.14605 || .33718 | 2.96573 || .35674 2.80316 | 22 
-29006 | 3.34377 || -31818 | 3.14288 || .33751 | 2.96288 +35707 | 2.80059 | 21 
-29038 | 3.34023 || .31850 | 3.13972 || .33783 2.96004 || .35740 | 2.79802 | 20 
29970 | 3.33670 |} .31882 | 3.13656 || .33816 | 2.9572r || .35772 | 2.79545 | 10 
1130001 | 3.33317 |] 31014 | 3.13341 || .33848 | 2.05437 || .35805 | 2.79280 | 18 
+30033 | 3.32965 || .31046 | 3.13027 || .3388x | 2.05155 || .35838 | 2.70033 | 17 
-30005 | 3.32614 || .31978 | 3.12713 || .33013 | 2.94872 || .35871 | 2.78778 | 16 
30097 | 3.32264 || .32010 | 3.12400 || .33945 | 2.04500 || .35004 | 2.78523 | 15 
+30128 | 3.31014 || .32042 | 3.12087 || .33078 2-94309 || -35937 | 2.78269 | 14 
30160 | 3.31565 || .32074 | 3.11775 +34010 | 2.94028 || .35060 2.78014 | 13 
+30192 | 3.31216 || .32106 | 3.11464 || .34043 | 2.93748 -36002 | 2.77761 | 12 
+30224 | 3.30868 || .32139 | 3.11153 || .34075 | 2.903468 -36035 | 2.77507 | 1 
+30255 | 3-30521 || .32171 | 3.10842 || .34108 | 2.931809 || .36068 2.77254 | Io 
+30287 | 3.30174 || .32203 3-10532 || -34140 | 2.92010 || .36101 | 2.77002 
+30319 | 3.29829 || .32235 | 3.10223 || .34173 2.02632 || .36134 | 2.76750 
+80351 | 3.29483 || .32267 | 3.00014 || .34205 | 2.92354 -36167 | 2.76408 
+30382 | 3.29139 || .32200 | 3.09606 || .34238 | 2.92076 -36109 | 2.76247 
+30414 | 3:28705 || .32331 | 3.09208 || .34270 | 2.91700 || .36232 | 2.75096 
+30440 | 3.28452:|| .32363 | 3.08901 || .34303 | 2.01523 || .36265 | 2.75746 
+30478 | 3.28109 || .32306 | 3.08685 || .34335 2.91246 || .36208 | 2.75406 
*32509 | 3.27707 || .32428 | 3.08370 || .34368 | 2.90971 || .36331 | 2.75246 
*30541 | 3.27426 || .32460 | 3.08073 || .34400 | 2.90606 || .36364 | 2.74907 
+30573 3,27085 | +32402 | 3.07768 | 34433 | 2.90421 || .36307 | 2.74748 


Siena 


Co-ran.! Tan. |[Co-ran.! Tan. |\Co-ran.! Tan |lCo-ran Tan. 


78° 72° 71° 70° 


SHOP TRIGONOMETRY 


20° 21° 22° 23° 
| Tan. | Co-ran.|} Tan. Co-ran. | Tan. | Co-ran.|| Tan. | Co-ran. 
ino 
o | .36397 | 2.74748 || .38386 | 2.605009 || .4o4o3 | 2.47500 || -42447 | 2.35585 
1 | -36430 | 2-74499 || -38420 | 2.60283 || .40436 | 2.47302 || .42482 | 2.35305 
2 | .36463 | 2.74251 || -38453 | 2.60057 || .40470 | 2.47005 || .42516 | 2.35205 
3 | 36496 | 2.74004 || .38487 | 2.59831 || .4o504 | 2.40888 || .42551 | 2.35015 
4 | -36520 | 2.73756 |] -38520 | 2.59606 || .40538 | 2.46682 || .42585 | 2.34825 
5 | -36562 | 2.73500 || .38553 | 2-5038x || .40572 | 2.46476 || .42019 | 2.34636 
6 | 36505 | 2-73263 || -38587 | 2-59156 || .40606 | 2.46270 || .42654 | 2.34447 
7 | -30628 | 2.73017 || .38620 | 2.58932 || .40640 | 2.46065 || .42688 | 2.34258 
8 | .36661 | 2.72771 || .38654 | 2.58708 || .40674 | 2.45860 || .42722 | 2.34060 
9 | -36694 | 2.72526 || .38687 | 2.58484 || .40707 | 2.45655 || .42757 | 2.33881 
xo | .36727 | 2.72281 || .3872n | 2.58261 || .40741 | 2.45451 || -42701 | 2.33603 
11 | .36760 | 2.72036 || .38754 | 2.58038 || .40775 | 2-45246 || .42826 | 2.33505 
12 | -36793 | 2.71792 || 38787 | 2.57815 || .40809 | 2.45043 || -42860 | 2.33317 
13 | -36826 | 2.71548 | -38821 | 2.57593 || .40843 | 2.44830 || -42804 | 2.33130. 
14 | -36850 | 2.71305 |} -38854 | 2.57371 || .40877 | 2.44036 || -42020 | 2.32043 
15 | -36892 | 2.71062 || .38888 | 2.57150 || .goo1r | 2.44433 || -42063 | 2.32750 
16 | .36925 | 2.70810 || .38021 | 2.560928 || .40045 | 2.44230 || -42908 | 2.32570 
17 | -36958 | 2.70577 || -38055 | 2-56707 |! .40979 | 2.44027 || .43032 | 2.32383 
18 | .36991 | 2-70335 || -38088 | 2.56487 || .41013 | 2.43825 || -43007 | 2.32107 
19 | «37024 | 2.70094 || .39022 | 2.56266 || .41047 | 2.43623 || -43101 | 2.32012 
20 | .37057 | 2-60853 || -39055 | 2-56046 || .41081 | 2.43422 || -43136 | 2.31826 
a1 | .37090 | 2.69612 || .30089 | 2.55827 || .41115 | 2.43220 || .43170 | 2.31641 
22 | .37124 | 2.69371 || -39122 | 2.55608 || .41149 | 2.43019 || .43205 | 2.31456 
23 | .37157 | 2.09131 || 30156 | 2.55380 || .41183 | 2.42819 || .43230 | 2.31271 
24 | -37190 | 2.68892 || .39190 | 2.55170 || .41217 | 2.42618 || .43274 | 2.31086 
25 | .37223 | 2.68653 || .39223 | 2-54052 || .41251 | 2.42418 || .43308 | 2.30902 
26 | .37256 | 2.68414 |] .30257 | 2-54734 || -41285 | 2.42218 || .43343 | 2.30718 
27 | .37289 | 2.68175 || 39290 | 2.54516 || .41310 | 2.42079 || .43378 | 2.30534 
28 | .37322 | 2.67937 || .30324 | 2-54200 || .41353 | 2.41810 || .43412 | 2.30351 
29 | -37355 | 2-67700 || -30357 | 2-54082 || .41387 | 2.41620 || .43447 | 2.30167 
30 | -37388 | 2.67462 || .39301 | 2.53865 || .4142r | 2.41421 || .43481 | 2.20984 
3r | .37422 | 2.67225 || -39425 | 2.53648 || .41455 | 2.41223 || .43516 | 2.29801 
32 | -37455 | 2.66089 || .30458 | 2-53432 || -41490 | 2.41025 || .43550 | 2.20619 
33 | -37488 | 2-66752 || -30402 | 2.53217 || 41524 | 2.40827 || .43585 | 2.20437 
34 | -37521 | 2.66516 || .39526 | 2.53001 || .41558 | 2.40629 || .43620 | 2.20254 
35 | 37554 | 2-0628r || 30550 | 2-52786 |! .41592 | 2.40432 || -43654 | 2.20073 
36 | .37588 | 2.66046 |] .30503 | 2.52572 || .41626 | 2.40235 || .43680 | 2.28801 
37 | -37021 | 2.65811 |] .39626 | 2.52357 || .41660 | 2.40038 || .43724 | 2.28710 
38 | -37654 | 2.65576 || 39660 | 2.52142 || .41604 | 2.30841 || .43758 | 2.28528 
30 | -37687 | 2.65342 || 30604 | 2.51920 || -41728 | 2.30645 || .43703 | 2.28348 
40 | .37720 | 2.65109 || .39727 | 2-51715 || -41763 | 2.30449 || .43828 | 2.28167 
41 | -37754 | 2-64875 || 30761 | 2.51502 || .41707 | 2.30253 || .43862 | 2.27987 
42 | -37787 | 2.64642 || .30705 | 2.51280 || .41831 | 2.30058 || .43897 | 2.27806 
43 | -37820 | 2.64410 || .39820 | 2.51076 || .41865 | 2.38862 || .43032 | 2.27626 
44 | -37853 | 2.64177 || -30862 | 2.50864 || .41809 | 2.38668 || .43006 | 2.27447 
45 | -37887 | 2.63045 || .39806 | 2.50652 || .41033 | 2.38473 || -44001 | 2.27267 
46 | -37920 | 2.63714 || .30030 | 2.50440 || .41968 | 2.38270 || .44036 | 2.27088 
47 | -37953 | 2-63483 || .30063 | 2.50220 || .42002 | 2.38084 || .44071 | 2.26909 
48 | -37986 | 2.63252 || .30007 | 2.50018 || .42036 | 2.37801 || -44105 | 2.26730 
49 | -38020 | 2.63021 || .4o03r | 2.49807 || .42070 | 2.37697 || .44140 | 2.26552 
50 | -38053 | 2.62791 || .40065 | 2.40507 || -42105 | 2.37504 || -44175 | 2.26374 
51 | .38086 } 2.62561 || .40008 | 2.40386 || .42130 | 2.37311 || .44210 | 2.26106 
52 | .38120 | 2.62332 || .40132 | 2.49177 || 42173 | 2.37118 || .44244 | 2.26018 
53 | -38153 | 2-62103 || -40166 | 2.48067 || .42207 | 2.36025 || -44279 | 2.25840 
54 | .38186 | 2.61874 || .40200 | 2.48758 || .42242 | 2.36733 || .44314 | 2.25663 
55 | -38220 | 2.61646 || .40234 | 2.48540 || .42276 | 2.36541 || .44340 | 2.25486 
56 | .38253 | 2.61418 || .40267 | 2.48340 || .42310 | 2.36340 || -44384 | 2125300 
57 | -38286 | 2.61190 || .4ogor | 2.48132 || .42345 | 2.36158 || .44418 | 2.25132 
58 | .38320 | 2.60963 || .40335 | 2.47024 || .42370'| 2.35007 || -44453 | 2.24056 
50 | -38353 | 2.60736 || .40360 | 2.47716 || .42413 | 2.35776 || .44488 | 2.24780 
60 | .38386 | 2.60509 |) .40403 | 2.47500 || .42447 | 2.35585 || -44523 | 2.24604 
’ 1Co-ran.! Tan. ||Co-ran.' Tan. |/Co-ran.'! Tan. |{Co-ran.! Tan. 
69° 68° 67° 66° 


~ 
Legere aura 


TANGENTS 
24° 20° 26° 27° 
“| Tan. | Co-ran. || Tan. | Co-ran.|| Tan. | Co-ran.|| Tan. | Co-ran. 
— —— 

© | -44523 | 2.24604 || .46631 | 2.14451 || .48773 | 2.05030 || .50053 | 1.96261 
I | -44558 | 2.24428 || .46666 | 2.14288 || .48809 | 2.04879 || .50980 | 1 .96120 
2 | 44503 | 2.24252 || .46702 | 2.14125 || .48845 | 2.04728 || .51026 | 1.05070 
3 | -44027 | 2.24077 || .46737 | 2.13963 || .4888r | 2.04577 |} .51063 1.95838 
4 | -44062 | 2.23902 || .46772 | 2.13801 || .48917 | 2.04426 || ‘51000 1.95608 
5 | -44607 | 2.23727 || .46808 | 2.13639 || .48053.| 2:04276 -51136 | 1.05557 
G | .44732 | 2.23553 || .46843 | 2.13477 || -48080 | 2.04125 || 51173 | 1.05417 
7 | .44767 | 2.23378 || .46879 | 2.13316 || .49026 | 2.03975 || .51209 | 1.95277 
8 | -44802 | 2.23204 || .46014 | 2.13154 || .49062 | 2.03825 || .51246 1.05137 
9 | -44837 | 2.23030 || .46950 | 2.12993 || .49008 | 2.03675 || .51283 | 1.94007 
Io | .44872 | 2.22857 || .46085 | 2.12832 || .49134 | 2.03526 -51310 | 1.94858 
It | .44907 | 2.22683 || .47021 | 2.1267r || .49170 | 2.03376 || .51356 | 1.94718 
12 | -44042 | 2.22510 || .47056 | 2.12511 || -49206 | 2.03227 || .51303 1.04579 
13 | -44977 | 2.22337 || .47002 | 2.12350 || .49242 | 2.03078 || .51430 | 1.94440 
14 | -45012 | 2.22164 || .47128 | 2.12190 || .49278 | 2.020920 || .51467 1.04301 
15 | -45047 | 2.21902 || .47163 | 2.12030 || .49315 | 2.02780 || .51503 | 1.04162 
16 | -45082 | 2.21819 || .47199 | 2.11871 || .49351 || 2.02631 |] .51540 1.94023 
17 | -45117 | 2.21647 || .47234 | 2.11717 || .49387 | 2.02483 || .51577 | 1.93885 
18 | -45152 | 2.21475 || .47270 | 2.11552 49423 | 2.02335 || .51614 | 1.93746 
19 | 45187 | 2.21304 || .47305 | 2.11302 || .40459 | 2.02187 || .51651 1.93608 
20 | 45222 | 2.21132 || .47341 | 2.11233 || .49495 | 2.02039 || .51688 | 1.93470 
21 | .45257 | 2.20961 || .47377 | 2.11075 || .49532 | 2.01801 -51724 | 1.93332 
» 22 | -45202 | 2.20790 || .47412 | 2.10916 || .49568 | 2.01743 |] .5176r | 1.93105 
23 | -45327 | 2.206109 || .47448 | 2.10758 || .49604 | 2.01596 || .51708 | 1.903057 
24 | .45362 | 2.20449 || .47483 | 2.10600 |] .49640 | 2.01449 || .51835 1.92920 
25 | -45307 | 2.20278 || .47519 | 2.10442 || .49677 | 2.01302 || .51872 | 1.92782 
26 | 45432 | 2.20108 |! .47555 | 2.10284 || .49713 | 2.01155 -51909 | 1.92645 
27 | -45407 | 2.19938 || .47590 | 2.10126 || .49749 | 2.01008 || 51946 | 1.92508 
28 | .45502 | 2.19769 || .47626 | 2.09969 || .49786 | 2.00862 || .51083 | x -02371 
29 | -45537 | 2.19509 || .47662 | 2.00811 || .49822 | 2.00715 || .52020 | 1.92235 
3° | :45573 | 2-10430 || .476098 | 2.09654 || .49858 | 2.00569 || .52057 | 1.92008 
31 | 45608 | 2.1926r || .47733 | 2.09408 || .49804 | 2.00423 -52004 | 1.91962 
32 | -45643 | 2.19092 || .47769 | 2.09341 || .49931 | 2.00277 || .52131 1.91826 
33 | -45678 | 2.180923 || .47805 | 2.090184 || .49967 | 2.00131 || .52168 1.91690 
34 | -45713 | 2.18755 || .47840 | 2.09028 || .50004'| 1.99986 || .52205 | 1.91554 
35 | 45748 | 2.18587 || .47876 | 2.08872 || .50040 | 1.90841 || .52242 1.91418 
36 | -45784 | 2.18410 || .47012 | 2.08716 || .50076 | 1.99605 +52270 | 1.91282 
+45819 | 2.18251 || .47048 | 2.08560 || .s0r13 | 1.99550 +52316 | 1.91147 
38 | -45854 | 2.18084 || .47084 | 2.08405 || .sor49 1.99406 || -52353 | 1.91012 
39 | -45880 | 2.17916 || .48019 | 2.08250 |] .50185 1.99261 || .52300 | 1.90876 
49 | -45024 | 2.17740 || .48055 | 2.08094 || .50222 | 1.99116 || .52427 1.90741 
41 | -45960 | 2.17582 || .48091 | 2.07939 || .50258 | 1.98072 -52464 | 1.90607 
42 | -45005 | 2.17416 || .48127 | 2.07785 || .502905 | 1.908828 +5250I | 1.90472 
43 | -40030 | 2.17240 || .48163 | 2.07630 || .50331 1.98684 || .52538 | 1.00337 
44 | -46065 | 2.17083 || .48198 | 2.07476 || .50368 | 1.98540 +52575 | 1.90203 
| 45 | 46102 | 2.16917 || .48234 | 2.07321 || 50404 1.98306 || .52613 | 1.90069 
46 | 46136 | 2.16751 || .48270 | 2.07167 || .so44t | 1.08253 -52050 | 1.80935 
47 | -46171 | 2.16585 || .48306 | 2.07014 || .50477 | 1.98110 +52687 | 1.89801 
48 | .46206 | 2.16420 || .48342 | 2.06860 || .sos14 1.97966 || .52724 | 1.89667 
49 | -46242 | 2.16255 || .48378 | 2.06706 || .50550 | 1.97823 +52761 | 1.89533 
50 | -46277 | 2.16090 || .48414 | 2.06553 || .50587 | 1.97680 -52798 | 1.89400 
-46312 | 2.15925 || .48450 | 2.06400 || .50623 | 1.97538 -52836 | 1.89266 
52 | -46348 | 2.15760 || .48486 | 2.06247 || .50660 1.97305 || 52873 | 1.80133 
53 | -46383 | 2:15506 || .48521 | 2.06094 || .50606 | 1.972 53 || 52010 | 1.89000 
§4 | -46418 | 2.15432-|| .48557 | 2.05942 || .50733 I.Q7111I || .52047 | 1.88867 
55 | -46454 | 2.15268 || .48593 | 2.05700 || .50760 1.96969 || .52084 | 1.88734 
56 | -46489 | 2.15104 || .48629 | 2.05637 || . 50806 | 1.96827 || .53022 | 1.88602 
57 | -46525 | 2.140940 || .48665 | 2.05485 || .50843 | 1.96685 || . 53059 | 1.88469 
58 | .46560 | 2.14777 || .48701 | 2.05333 || .50879 | 1.96544 || .53006 | 1.88337 
50 | .46505 | 2.14614 || .48737 | 2.05182 || .50916 1.96402 || .53134 | 1.88205 
60 | 46631 | 2.14451 || .48773 | 2.05030 || .50953 | 1.96261 +53171 | 1.88073 

’ \Co-ran. Tan. | Co-ran.! Tan. igen Tan. ||Co-ran.' Tan. 

65° 64° 63° 62° 


~lanana sas 


860 


SHOP TRIGONOMETRY 


28° 29° 30° 31° 
Tan. | Co-ran.|| Tan. | Co-ran. | Tan. Co-ran. || Tan. | Co-ran. 
piles 24) I Kae 
© | 53171 | 1.88073 || 55431 | 1.80405 || .57735 | 1-73205 || .60086 | 1.66428 | 6c 
I | .53208 | 1.87941 |] .55469 | 1.80281 || .57774 | 1.73080 || .60126 1.66318 | 56 
2 | .53246 | 1.87809 || .55507 | 1.80158 || .57813 | 1.72073 || .60165 1.66200 | 58 
3 | 53283 | 1.87677 || .55545-| 1.80034 |] 57851 | 1.72857 60205 | 1.66099 | 57 
4 | -53320 | 1.87546 || 55583 | 1-7o9011 || .57800 | 1.72741 || 60245 1.65990 | 56 
5 | 53358 | 1.87415 || .55621 | 1.79788 || .570209 | 1.72625 || .60284 | 1.65881 | 55 
© | -53395 | 1.87283 || .55650 | 1.79665 |] .57068 | 1.72500 |] .60324 | 1.65772 | 54 
7 | -53432 | 1.87152 || .55607 | 1.79542 || .58007 | 1.72303 || .60364 | 1.65663 | 53 
8 | .53470 | 1.87021 || .55736 | 1.79419 |] .58046 | 1.72278 60403 | 1.65534 | 52 
9 | 53507 | 1.86891 || .55774 | 1.79206 || .58085 | 1.72163 || .60443 1.65445 | 51 
To | .53545 | 1.86760 || 55812 | 1.79174 || .58124 | 1.72047 || .60483 1.65337 | 50 
Ir | .53582 | 1.86630 || .55850 | 1.79051 || .58162 | 1.71932 60522 | 1.65228 | 49 
12 | -53620 | 1.86499 || .55888 | 1.78929 || .58201 | 1.71817 || 60562 1.65120 | 48 
13 | -53057 | 1.86369 || .55026 | 1.78807 |] .58240 | 1.71702 || .60602 | 1.65011 47 
14 | .53604 | 1.86230.|| .55064 | 1.78685 |] 58270 | 1.71588 .60642 | 1.64903 | 46 
15 | -53732 | 1-86109 |} .56003 | 1.78563 || .58318 | 1.71473 || 60681 1.64705 | 45 
16 | .53769 | 1.85979 || 56041 | 1.78441 || 58357 | 1.71358 || 60721 1.64687 | 44 
17 | .53807 | 1.85850 || .56079 | 1.78319 || 58306 | 1.71244 60761 | 1.64579 | 43 
18 | .53844 | 1.85720 || .56117 | 1.78108 || .58435 | 1.71120 || .6080r 1.64471 | 42 
19 | -53882 | 1.85591 || .56156 | 1.78077 || .58474 | 1.71015 -60841 | 1.64363 | 41 
20 | .53920 | 1.85462 || .56104 | 1.77055 || .58513 | 1.70001 || .60881 1.64256 | 40 
21 | .53957 | 1.85333 || .56232 | 1.77834 || .58552 | 1.70787 || 60921 | 1.64148 | 30 
22 | -53095 | 1.85204 || .56270 | 1.77713 || .58501 | 1.70673 || .60060 | 1.64041 | 38 
23 | -54032 | 1.85075 || .56309 | 1.77592 || .58631 | 1.70560 || 61000 | 1.63034 | 37 
24 | .54070 | 1.84946 || .56347 | 1.77471 || .58670 | 1.70446 || .61040 1,63826 | 36 
25 | -54107 | 1.84818 || .56385 | 1.77351 || .58700 | 1.70332 || 61080 1.63719 | 35 
26 | -54145 | 1.84689 || .56424 | 1.77230 || .58748 | 1.702109 || .61120 1.63612 | 34 
27 | 54183 | 1.84561 |} .56462 | 1.77110 || .58787 | 1.70106 || 61160 1.63505 | 33 
28 | -54220 | 1.84433 || .56500 | 1.76990 || .58826 | 1.69902 || .61200 1.63398 | 32 
29 | -54258 | 1.84305 || .56530 | 1.76869 || .58865 | 1.69870 || .61240 1.63202 | 31 
30 | 54296 | 1.84177 || .56577 | 1.76740 || .58004 | 1.69766 || .61280 1.63185 | 30 
31 | -54333 | 1.84049 || .56616 | 1.76630 || .58044 | 1.60653 || .61320 | 1.63070 | 20 
32 | .54371 | 1.83922 || .56654 | 1.76510 || .58983 | 1.69541 || .61360 1.62972 | 28 
33 | -54409 | 1.83794 || -56693 | 1.76300 || .59022 | 1.60428 || .61400 | 1.62866 | 27. 
34 | -54446 | 1.83667 || .56731 | 1.76271 || .59061 | 1.69316 -61440 | 1.62760 | 26 
35 | -54484 | 1.83540 || .56769 | 1.76151 || .sqror | 1.69203 || .61480 1.62654 | 25 
36 | -54522 | 1.83413 || .56808 | 1°76032 || .sqrg4o | 1.69001 || .61520 | 1.62548 | 24, 
37 | -54560 | 1.83286 || .56846 | 1.75913 || .50179 | 1.68979 || 61561 | 1.62442 | 23 
38 | -54507 | 1.83159 || .56885 | 1.75704 || .59218 | 1.68866 || 61601 1.62336 | 22 
39 | 54635 | 1.83033 || -56023 | 1.75675 || .50258 | 1.68754 |] .61641 | 1.62230 | 24 
40 | .54673 | 1.82906 || .56962 | 1.75556 || .so207 | 1.68643 || .6168x | 1.62125 20, 
41 | -54711 | 1.82780 || .57000 | 1.75437 || .50336 | 1.68531 || .6r721 | 1.62019 | 19 
42 | 54748 | 1.82654 || .57030 | 1.75310 || .50376 | 1.68410 || .6176r 1.61914 | 18) 
43 | -54786 | 1.82528 || .57078 | 1.75200 || .50415 | 1.68308 |] .6180r | 1.61808 | 17 
44 | -54824 | 1.82402 || .57116 | 1.75082 || .50454 | 1.68106 |] .61842 | 1.61703 | 16) 
45 | -54862 | 1.82276 || .57155 | 1.74964 || .50404 | 1.68085 |} .61882 | 1.615098 | 15 
46 | .54900 | 1.82150 |] .57193 | 1.74846 || .50533 | 1.67074 || 1022 | 1.61403 | 14. 
47 | -54938 | 1.82025 || .57232 | 1.74728 || .50573 | 1.67863 || .61962 | 1.61388 | 13 
48 | 54975 | 1.81800 || .57271 | 1.74610 || .59612 | 1.67752 -62003 | 1.61283 | 12) 
49 | -55013 | 1.81774 || .57300 | 1.74492 || .5o651 | 1.67641 .62043 | 1.61179 | 11) 
50 | -55051 | 1.81649 | .57348 | 1.74375 || .50691 | 1.67530 || .62083 | 1.61074 | 10) 
5x | .55080 | 1.81524 || .57386 | 1.74257 || .50730 | 1.67410 -62124 | 1.60970 | 9 
$2 | .55127 | 1.81390 || .57425 | 1-74140 || .50770 | 1.67300 || .62164 | 1.60865 | 8) 
53 | 55165 | 1.31274 || .57464 | 1.74022 || .59809 | 1.67108 || 62204 | 1.60761 vi 
54 | -55203 | 1.81150 || .57503 | 1.73005 |] .50840 | 1.67088 || 62245 | 1.60657] 6. 
55 | 55241 | 1.81025 || .57541 | 1.73788 || .59888 | 1.66078 || 62285 | 1.60553 5 
56 | 55279 | 1.80901 |] .57580 | 1.73671 || .59928 | 1.66867 || 62325 | 't.60440 4 
57 | .55317 | 1.80777 || 57619 | 1.73555 || .50067 | 1.66757 || .62366 | 1.60345 | 3) 
58 | 55355 | 1-80653 || .57657 | 1.73438 || 60007 | 1.66647 62406 | 1.60241 2 
59 | -55303 | 1.80520 || .57696 | 1.73321 || 60046 | 1.66538 || .62446 1.60137 zr 
60 | .55431 | 1.80405 || .57735 | 1.73205 || 60086 1.66428 | +62487 | 1.60033 | o 
Co-ran.' Tan. ||Co-ran.! Tan. ||Co-ran.| Tan. [Co-tan, TAN. 
61° 60° 59° 58° 


TANGENTS 861 
32° ~ 33° 34° 35° 

"| Tan. | Co-ran. || Tan. | Co-ran. |} Tan. | Co-ran.|| Tan. | Co-ran. | 7 
© | 62487 | 1.60033 || .64041 | 1.53086 || .67451 | 1.48256 || .70021 1.42815 | 60 
I | .62527 | 1.50930 || .64982 | 1.53888 || .67493 | 1.48163 || .70064 1.42726 | 50 
2 | .62568 | 1.59826 || .65023 | 1.53791 || .67536 | 1-48070 || .70107 1.42638 | 58 
3 | .62608 | 1.59723 || 65065 | 1.53603 || .67578 | 1.47077 || -7or51 1.42550 | 57 
4 | -62649 | 1.59620 || .65106 | 1.53505 || .67620 | 1.47885 +70194 | 1.42462 | 56 
5 | -62689 | 1.59517 || .65148 | 1.53407 || .67663 | 1.477092 || .70238 1.42374 | 55 
6 | .62730 | 1.50414 || .65189 | 1.53400 || .67705. |. 1.47699 || .70281 1.42286 | 54 
7 | 62770 | 1.59311 || .65231 | 1-53302 || .67748 | 1.47607 || .70325 1.42108 | 53 
8 | 62811 | 1.59208 || °65272 | 1.53205 |] .67700 I-47514 || -70368 | 1.42110 | 52 
9 | -62852 | 1.590105 || .65314 | 1.53107 || .67832 | 1.47422 || .7o412 1.42022 | 51 
0 | .62892 | 1.59002 || .65355 | 1-53010 || .67875 | 1.47330 +72455 | 1.41934 | 50 
Ir | .62933 | 1.58900 || .653907 | 1.52913 || -67917 | 1.47238 || .70400 1.41847 | 49 
12 | .62973 | 1.58797 || .65438 | 1.52816 || .67960 | 1.47146 || .70542 1.41759 | 48 
13 | .63014 | 1.58695 || .65480 | 1.52710 || .68002 | 1.47053 || .70586 1.41672 | 47 
14 | .03055 | 1.58593 |] 65521 | 1.52622 || .68045 | 1.46062 +70629 | 1.41584 | 46 
15 | .03095 | 1.58490 |] .65563 | 1.52525 || .68088 | 1.46870 70673 | 1.41497 | 45 
16 | .63136 | 1.58388 || .65604 | 1.52420 || .68130 | 1.46778 || .70717 1.41409 | 44 
17 | 63177 | 1.58286 || .65646 | 1-52332 |] .68173 | 1.46686 70760 | 1.41322 | 43 
18 | 63217 | 1.58184 || .65688 | 1.52235 || .68215 1.46595 || -70804 | 1.41235 | 42 
19 | -63258 | 1.58083 |] .657209 | 1-52130 || .68258 1.46503 || .70848 | 1.41148 | 41 
20 | 63200 | 1.57981 || .65771 | 1.52043 || 68301 | 1.46411 -70891 | 1.41061 | 40 
21 | .63340 | 1.57879 || .65813 | 1-51946 || .68343 | 1.46320 || .70035 1.40974 | 30 
22 | .63380 | 1.57778 || .65854.| 1.51850 || .68386 1.46229 || .70979 | 1.40887 | 38 
23 | 63421 | 1.57676 || 65806 | 1.51754 || 68429, | 1.46137 -71023 | 1.40800 | 37 
24 | .63462 | 1.57575 || 65938 | 1.51658 || 68471 1.46046 || .71066 | 1.40714 | 36 
25 | 63503 | 1.57474 || .65980 | 1.51562 || .68514 | 1.45055 -7i110 | 1.40627 | 35 
20 | .63544 | 1.57372 || 66021 | 1.51466 || .68557 | 1.45804 -71154 | 1.40540 | 34 
27 | .03584 | 1.57271 || .66063 | 1.51370 || .68600 | 1.45773 +71198 | 1.40454 | 33 
28 | .63625 | 1.57170 || 66105 | 1.51275 || .68642 1.45082 || .71242 | 1.40367 | 32 
29 | .63666 | 1.57060 |} .66147 | 1.51179 || .68685 1.45592 || -71285 | 1.40281 | 31 
30 | .63707 | 1.56969 || 66189 | 1.51084 || .68728 1.45501 || 71320 | 1.40195 | 30 
31 | 63748 | 1.56868 || .66230 | 1.50988 || 68771 1.45410 || .71373 | 1.40109 | 29 
32 | 63789 | 1.56767 || .66272 | 1.50803 || .68814 1.45320 |] -71417 | 1.40022 | 28 
33 | 63830 | 1.56667 || .66314 | 1.50797 || .68857 1.452209 || .71401 | 1.39036 |. 27 
34 | 63872 | 1.56566 || .66356 | 1.50702 || 68900 I-45139 || -71505 | 1.39850 | 26 
35 | -63012 | 1.56466 || .66308 | 1.50607 || .68042 1.45049 || -71540 | 1.39764 | 25 
36 | .63953 | 1.56366 || .66440 | 1.50512 || .68085 1.44958 || «71593 | 1-30670 | 24 
37 | -63004 | 1.56265 || .66482 | 1.50417 || .69028 1.44868 || .71637 | 1.39503 | 23 
38 | 64035 | 1.56165 |] .66524 | 1.50322 || 69071 1.44778 || .71681 | 1.39507 | 22 
39 | .64076 | 1.56065 || 66566 | 1.50228 || 69114 | 1.44688 | +71725 | 1.39421 | 21 
40 | 64117 | 1.55966 || .66608 | 1.50133 || .69157 | 1.44508 -71769 | 1.39336 | 20 
41 | 64158 | 1.55866 || 66650 | 1.50038 || .69200 1.44508 || .71813 | 1.39250 | 19 
42 | 64109 | 1.55766 || "66692 | 1.40044 69243 | 1.44418 || .71857 | 1.39165 | 18 
43 | 64240 | 1.55666 || .66734 | 1.40840 || .69286 1.44329 || .-7I90r | 1.39079 | 17 
44 | 64281 | 1.55567 || .66776 | 1.40755 || .60320 1.44230 || -71046 | 1.380094 | 16 
45 | 64322 | 1.55467 || .66818 | 1.49661 69372 |'1-44140 || -71900,| 1.38900 | 15 
46 | 64363 } 1.55368 || .66860 | 1.49566 || .69416 1.44060 |} .72034 | 1.38824 | 14 
47 | 64404 | 1.55269 || .66902 | 1.49472 || .60450 1.43970 || .72078 | 1.38738 | 13 
48 | .64446 | 1.55170 || .669044 | 1.49378 || .Goso2 1.43881 || .72122 | 1.38653 | 12 
49 | 64487 | 1.55071 || .66986 | 1.49284 || .60545 1.43792 || .72166 | 1.38568 | 11 
50 | 64528 | 1.54972 || .67028 | 1.49190 || .69588 1.43703 || -72211 | 1.38484 | 10 
51 | 64560 | 1.54873 |] .67071 | 1.49007 || .69631 | 1.43614 || .72255 | 1.38300] 9 
52 | 64610 | 1.54774 || .67113 | 1.49003 || .69675 1.43525 || -72200 | 1.38314 | 8 
53 | 64652 | 1.54675 || .67155 | 1.48009 || 69718 1.43436 || -72344 | 1.38220 7 
54 | 64693 | 1.54576 || 67197 | 1.48816 || 69761 I-43347 || -72388 | 1.38145 6 
55 | 64734 | 1-54478:|| 67230 | 1.48722 || 60804 1.43258 || .72432 | 1.38060 5 
56 | .64775 | 1.54379 || .67282 | 1.48629 || 69847 | 1.43169 || .72477 | 1.37076 | 4 
57 | 64817 | 1.54281 || 67324 | 1.48536 || 60801 1.43080 || .72521 | 1.37801 3 
58 | 64858 | 1.54183 || .67366 | 1.48442 || .69934 | 1.42002 -72505 | 1.37807 | 2 
59 | 64809 | 1.54085 || .67409 | 1.48340 || .60077 1.42903 || .72610 | 1.37722 I 
60 64941 | 1.53986 || .67451 | 1.48256 || .7oo21 | 1.42815 -72054 | 1.37638 | oO 

* \Co-ran.| Tan. ||Co-ran.! Tan. |\Co-ran.! Tan. |\Co-ran.| Tan. | / 

57° 56° 55° 54° 


862 


Cor ANA HHO | ~ 


SHOP TRIGONOMETRY 


36° 3f° 
Tan. | Co-ran.|| Tan. | Co-TAn. 
-72654 | 1.37638 || .75355 | 1-32704 
-72699 | 1.37554 || «75401 | 1.32624 
+72743 | 1.37470 || -75447 | 1.32544 
.72788 | 1.37386 || .75492 | 1.32464 
72832 | 1.37302 || .75538 | 1.32384 
-72877 | 1.37218 || .75584 | 1.32304 
-72921 | 1.37134 || -75629 | 1.32224 
-72966 | 1.37050 || .75675 | 1.32144 
-73010 | 1.36967 || -7572I | 1.32004 
+73055 | 1.36883 || -75767 | 1:31084 
-73100 | 1.36800 || .75812 | 1.31904 
-73144 | 1.36716 || .75858 | 1.31825 
+73189 | 1.36633 || -75904 | 1-31745 
-73234 | 1.36549 || -75050 | 1-31666 
73278 | 1.36466°|| .75906 | 1.31586 
-73323 | 1-36383 |} 76042 | 1.31507 
-73368 | 1.36300 || .76088 | 1.31427 
-73413 | 1.36217 || .76134 | 1.31348 
-73457 | 1.36133 || -76180 | 1.31269 
+73502 | 1.36051 || .76226 | 1.31190 
-73547 | 1.35968 || .76272 | 1.31110 
73562 | 1.35885 || .76318 | 1.31031 
-73037 | 1.35802 || .76364 | 1.30052 
-73681 | 1.35719 || .76410 | 1.30873 
-73726 | 1.35637 || -76456 | 1.30705 
73771 | 1.35554 || -76502 | 1.30716 
-73816 | 1.35472 | -76548 | 1.30637 
-73861 | 1.35389 || -76504 | 1.30558 
-73906 | 1.35307 || .76640 | 1.30480 
-73951 | 1.35224 '| .76686 | 1.30401 
-73996 | 1.35142 || -76733 | 1.30323 
:74041 | 1.35060 || .76779 | 1.30244 
-74086 | 1.34978 || -76825 | 1.30166 
-74131 | 1.34806 || .76871 | 1.30087 
-74176 | 1.34814 || .76918 | 1.30009 
-74221 | 1.34732 || .76064 | 1.29931 
-74267 | 1.34650 || .77010 | 1.20853 
+74312 | 1.34568 (| "77057 | 1.20775 
+74357 | 1.34487 || -77103 | 1.29606 
-74402 | 1.34405 || .77149 | 1.29618 
-74447 | 3.34323 || .77190 | 1.20541 
74492 | 1.34242 || .77242 | 1.29463 
-74538 | 1.34160 || .77289 | 1.29385 
-74583 | 1.34079 || -77335 | 1.20307 
-74628 | 1.33998 || .77382 | 1.29220 
-74674 | 1.33016 || .77428 | 1.29152 
-74719 | 1.33835 || -77475 | 1.20074 
-74764 | 1.33754 || -77521 | 1.28007 
-74810 | 1.33673 || -77568 | 1.28910 
-74855 | 1.33592 || -77615 | 1.28842 
-74900 | 1.33511 || .77661 | 1.28764 
74946 | 1.33430 || .77708 | 1.28687 
-74001 | 1.33349 || -77754 | 1.28610 
#75037 | 1.33268 || .77801 | 1.28533 
-75082 | 1.33187 || .77848 | 1.28456 
75128 | 1.33107 || .77805 | 1.28370 
+75173 | 1.33026 || .77041 | 1.28302 
+75§219 | 1.32946 || .77988 | 1.28225 
75264 | 1.32865 || .78035 | 1.28148 
+75310 | 1.32785 || .78082 | 1.28071 
+75355 | 1.32704 || -78129 | 1.27904 
Co-ran,! Tan. ||Co-ran.!| Tan. 
53° 52° 


38° 39° 
Tan. | Co-ran. || TAN. | Co-ran. 
.78129 | 1.27994 || 80978 | 1.23490 
+78175 | 1.27917 || 81027 | 1.23416 
+78222 | 1.27841 || .81075'| 1.23343 
+78269 | 1.27764 || 81123 | 1.23270 
-78316 | 1.27688 || .81171 | 1.23196 
-78363 | 1.27611 || .81220 | 1.23123 
-78410 | 1.27535 || .81268 | 1.23050 
-78457 | 1.27458 || .81316 | 1.22977 
-78504 | 1.27382 || .81364 | 1.22904 
+78551 | 1.27306 || .81413 | 1.22831 
-78598 | 1.27230 || 81461 | 1.22758 
»78645 | 1.27153 || 81510 | 1.22685 
-78692 | 1.27077 || 81558 | 1.22612 
-78730 | 1.27001 || .81606 | 1.22539 
:78786 | 1.26025 |} 81655 | 1.22467 
-78834 | 1.26849 || 81703 | 1.22394 
-78881 | 1.26774 || 81752 | 1.22321 
78928 | 1.26608 || .81800 | 1.22240 
-78975 | 1.26622 || .81849 | 1.22176 
+79022 | 1.26546 || .818098 | 1.22104 
+79070 | 1.26471 || .81946 | 1122031 
-79117 | 1.26305 || .81095 | 1.21950 
-79164 | 1.26319 || .82044 | 1.21886 
-79212 | 1.26244 || 82092 | 1.21814 
-79259 | 1-26169 || 8214 | 1.21742 
-79306 | 1.26093 || .82190 | 1.21670 
-79354 | 1.26018 || .82238 | 1.21598 
-79401 | 1:25043 || .82287 | 1.21526 
-79440 | 1.25867 || .82336 | 1.21454 
:79496 | 1.25792 |] .82385 | 121382 
-79544 | 1.25717 || 82434 | 1.21310 
+7959 | 1.25642 || 82483 | 1.21238 
-79630 | 1.25567 || .82531 | 1.21166 
+79686 | 1.25402 || .82580 | 1.21004 
-79734 | 1-25417 || 82629 | 1.21023 
-79781 | 1-25343 || .82678 | 1.20951 
79829 | 1.25268 || .82727 | 1.20879 
-79877 | 1-25193 || .82776 | 1.20808 
-79924 | 1.25118 || 82825 | 1.20736 
-799072 | 1.25044 || .82874 | 1.20665 
-80020 | 1.24969 || .82923 | 1.20503 
80067 | 1.24805 || 82072 | 1.20522 
80115 | 1.24820 || .83022 | 1.20451 
80163 | 1.24746 || .83071 | 1.20370 
80211 | 1.24672 || .83120 | 1.20308 
80258 | 1.24507 || 831609 | 1.20237 
.80306 | 1.24523 || .83218 | 1.20166 
-80354 | 1.24449 || .83268 | 1.20005 
80402 | 1.24375 || .83317 | 1.20024 
.80450 | 1.24301 || 83366 | 1.10053 
-80498 | 1.24227 || .83415 | 1.19882 
80546 | 1.24153 || .83465 | r.1981z 
80504 | 1.24079 || .83514 | 1-19740 
80642 | 1.24005 || .83564 | 1.19669 
.80690 | 1.23931 || .83613 | 1.19500 
80738 | 1.23858 || .83662 | 1.19528 
80786 | 1.23784 || 83712 |-1.10457 
80834 | 1.23710 || .83761 | 1.19387 
80882 | 1.23637 || 83811 | 1.19316 
.80930 | 1.23563 || .83860 | 1.19246 
.80978 | 1.23490 |] .83910 | 1.19175 
(Co-ran.! Tan. ||Co-ran,| Tan. 
51° 50° 


TANGENTS 863 
40° 41° 42° 430 
Tan. | Co-ran.|) Tan. | Co-1an.|} Tan. | Co-ran.|} Tan. | Co-ran. | ” 
83910 | 1.19175 |} 86929 | 1.15037 || .googo | 1.11061 || .93252 1.07237 | 60 
-83960 | 1.19105 || .86980 | 1.14969 || .90093 | 1.10996 || .03306 | 1.07174 50 
84009 | 1.19035 |] 87031 | 1.14902 || .90146 | 1.10931 || .93360 | 1.07112 58 
84059 | 1.18964 || 87082 | 1.14834 || .oo199 | 1.10867 || .93415 1.07049 | 57 
84108 | 1.18894 || 87133 | 1.14767 || .00251 | 1.10802 |] .93469 | 1.06987 | 56 
84158 | 1.18824 || .87184 | 1.14699 || .90304 | 1-10737-||-.93524 1.06925 | 55 
84208 | 1.18754 || 87236 | 1.14632 || .00357 | 1.10672 || .03578 | 1.06862 54 
84258 | 1.18684 || .87287 | 1.14565 || .90410 | 1.10607 || .93633 | 1.06800 53 
+84307 | 1.18614 || 87338 | 1.14408 || .90463 | 1-10543 || .93688 | 1.06738 | 52 
184357 | 1-18544 || 87380 | 1.14430 || .90516 | 1.10478 || .03742 | 1.06676 | 5x 
-84407 | 1.18474 || 87441 | 1.14363 || .90569 | 1.10414 || .03707 | 1.06613 | 50 
-84457 | 1.18404 || 87492 | 1.14206 ||| .o0621 | 1.10349 || .03852 | 1.06551 49 
84507 | 1.18334 || 87543 | 1-14220 || .90674 | 1.10285 || .93906 | 1.06489 48 
-84556 | 1.18264 |} 87595 | 1.14162 || .90727 | 1.10220 || .93061 1.06427 | 47 
84606 | 1.18194 || 87646 | 1.14005 || .90781 | 1.10156 || .94016 1.06365 | 46 
84656 | 1.18125 |/ 87608 | 1.14028 || .90834 | 1.10091 |] .94071 | 1.06303 | 45 
-84706 | 1.18055 || .87749 | 1.13061 |/ .90887 | 1.10027 || .94125 | 1.06241 44 
84756 | 1.17986 || -87801 | 1.13894 || -oog40 | 1.09963 || .94180 1.06179 | 43 
-84806 | 1.17916 || .87852 | 1-13828 || .909003 | 1.00899 || .04235 | 1.06117 | 42 
-84856 | 1.17846 || 87004 | 1.13761 || .91046 | 1.09834 || .04200 | 1.06056 4I 
84906 | 1.17777 || 87055 | 1.13694 || .91099 | 1.09770 || .04345 | 1.05004 | 40 
84056 | 1°17708 || 88007 | 1.13627 || .or153 | 1.09706 || .94400 1.05932 | 30 
85006 | 1.17638 || 88059 | 1.13561 || .91206 | 1.00442 || .04455 | 1.05870 38 
85057 | 1.17560 || 88110 | 1.13494 || .91259 | 1.09578 || .o4510 1.05809 | 37 
85107 | 1.17500 || .88162 | 1.13428 || .91313 | 1.09514 || .04565 1.05747 | 36 
85157 | 1.17430 || 88214 | 1.13361 || .91366 | 1.09450 || .04620 1.05685 | 35 
85207 | 1.17361 || .88265 | 1.13295 || .o1419 | 1.09386 || .04676 | 1.05624 34 
85257 | 1.17292 || 88317 | 1.13228 || .91473 | 1.09322 || .04731 1.05562 | 33 
85307 | 1.17223 || 88360 | 1.13162 |] .o1526 | 1.09258 || .04786 I.05501 | 32 
85358 | 1.17154 || 88421 | 1.13006 |] .91580 | 1.09195 |} .94841 1.05430 | 31 
85408 | 1.17085 || 88473 | 1.13029 || .91633 | 1.09131 || .04806 | 1.05378 | 30 
-85458 | 1.17016 || 88524 | 1.12963 || .91687 | 1.09067 || .04952 | 1.05317 | 20 
85509 | 1.16947 || .88570 | 1.12807 || .91740 | 1.09003 5007 | 1.05255 | 28 
85559 | 1.16878 || 88628 | 1.12831 || .91794 | 1.08040 || .95062 | 1.05194 | 27 
85609 | 1.16809 || .88680 | 1.12765 || .91847 | 1.08876 || .95118 1.05133 | 26 
85660 | 1.16741 || 88732 | 1.12609 || .oro0r | 1.08813 || .05173 | 1.05072 | 25 
85710 | 1.16672 || .88784 | 1.12633 || .oross | 1.08749 |] .05220 | r.0so10 | 24 
85761 | 1.16603 || .88836 | 1.12567 || .92008 | 1.08686 || .95284 | 1.04949 | 23 
85811 | 1.16535 || 88888 | 1.12501 || .92062 | 1.08622 || .95340 | 1.04888 | 22 
85862 | 1.16466 || .88940 | 1.12435 || .92116 | 1.08559 |] .o5305 | 1.04827 | 21 
850912 | 1.16398 || 88992 | 1.12369 || .92170 | 1.08496 |] .95451 | 1.04766 | 20 
85063 | 1.16329 |] 89045 | 1.12303 || .92224 | 1.08432 || .o5506 1.04705 | 19 
86014 | 1.16261 || 89097 | 1.12238 || .92277 | 1.08369 || .o5562 1.04644 | 18 
86064 | 1.16192 || 89149 | 1.12172 || .92331 | 1.08306 || .95618 1.04583 | 17 
86115 | 1.16124 |] 89201 | 1.12106 || .92385 | 1.08243 || .05673 1.04522 | 16 
86166 | 1.16056 || 89253 | 1.12041 |] .92439 | 1.08170 || .95720 | 1.04461 | 15 
-86216 | 1.15987 || .89306 | 1.11075 || .02493 | 1.08116 || .95785 | r.04gox | 14 
-86267 | 1.15919 || 89358 | 1.11909 |} .02547 | 1.08053 || .os84r | x .04340 | 13 
86318 | 1.15851 || 80410 | 1.11844 || .92601 | 1.07090 || .95807 | 1.04279 | 12 
86368 | 1.15783 || 89463 | 1.11778 || .92655 | 1.07927 || .osos2 1.04218 | Ir 
86419 | 1.15715 || 89515 | 1.11713 || .92709 | 1.07864 || .96008 | 1.04158 | 10 
86470 | 1.15647 || 89567 | 1.11648 || .92763 | 1.07801 |] .96064 1.04097 | 9 
86521 | 1.15579 || 89620 | 1.11582 || .92817 | 1.07738 || .o6120 | 1.04036 | 8 
86572 | 1.15511 || 89672 | 1.11517 || .92872 | 1.07676 || .96176 | 1.03076 7 
86623 | 1.15443 || 80725 | 1.11452 || .92926 | 1.07613 || .06232 | 1.03015 6 
86674 | 1.15375 || 80777 | 1.11387 || .92980 | 1.07550 || .96288 | 1.03855 5 
86725 | 1.15308 || 89830 | 1.11321 || .93034 | 1.07487 || .06344 | 1.03704 | 4 
86776 | 1.15240 || .89883 | 1.11256 || .93088 | 1.07425 || .96400 | 1.03734 | 3 
86827 | 1.15172 |} .80935 | x.11191 || .93143-| 1.07362 || .96457 | 1.03674 | 2 
86878 | 1.15104 || .89988 | 1.11126 || .03197 | 1.07299 || .06513 | 1.03613 I 
-86929 | 1.15037 Horeee I.11061 || .03252 | 1.07237 || .06569 | 1.03553 | 9 
Co-ran.| Tan. ||Co-ran.! Tan. ||Co-ran.! Tan. ||Co-ran.| Tan. | ’ 
49° 48° | 47° 46° 


864 SHOP TRIGONOMETRY 
44° 44° 44° 
’| Tan: | Co-ran.| ” || ? | Tan. | Co-ran.| 7 ||’ | Tan. | Co-ran.| ’ 
© | .96569 | 1.03553 | 60 || 21 97756 | 1.02205 | 39 || 41 .98gor | 1.01112 | 19 
1 | .96625 | 1.03493 | 50|| 22 | .97813 | 1.02236 | 38 || 42 .98958 | 1.01053 | 18 
2| .9668r | 1.03433 | 58]| 23 | .97870 | 1.02176 | 37 || 43 .99016 | 1.00994 | 17 
3 | 06738 | 1.03372 | 57|| 24 | 07027 | 1.02117 | 36 || 44.| .99073 | 1.00035 | 16 
4 | 06794 | 1.03312 | 56]] 25 | .07084 | 1-02057 | 35 |) 45 -99131 | 1.00876 | 15 
5 | .96850 | 1.03252 | 55 || 26 | .o804r | 1.01998 | 34 ||' 46 -99189 | 1.00818 | 14 
6 | .96907 | 1.03192 | 54 || 27 | .98098 | 1.01939 | 331} 47 | -99247 | 1.00759 | 13 
7 | .96963 } 1.03132 | 53 || 28 | .o8155 | 1.01879 | 32 || 48.| -99304 | 1.00701 | 12 
8 | .97020 | 1.03072 | 52 || 29 | .98213 | 1.01820 | 31 || 49 | .09362'| 1.00642 | It 
9 | .97076 | 1.03012 | 51 || 30 | .98270 | 1.01761 | 30}| 50 | .99420 1,00583 | Io 
10 | -97133 | 1-02952 | 5° || 37 | .98327 | 1.01702 | 29 || 51 | .09478 | 1.00525 | 9 
11 | .97189 | 1.02892 | 49 || 32 | .98384 | z.01642 | 28]] 52] .99536| 1.00467 | 8 
12 | .97246 | 1.02832 | 48 || 33 | .o8441 | 1.01583 | 27 || 53] -00504| 1.00408 | 7 
13 | .97302 | 1.02772 | 47|| 34 | 98409 | 1.01524 | 26}| 54 .99652 | 1.00350 | 6 
14 | .97359 | 1.02713 | 46]|| 35 | .98556 | 1.01465 | 25 || 55 .99710 | 1.00291 5 
15 | .97416 | 1.02653 | 45 || 36 | .08613 | 1.01406 | 24 || 56 .99768 | 1.00233 | 4 
16 | .97472 | 1.02503 | 44 || 37 | 08671 | 1.01347 | 23157 | -90826| 1.00175 | 3 
17 | .97529 | 1.02533 | 43 || 38 | 08728 | 1.01288 | 22 || 58 09884 | 1.00116 | 2 
18 | .97586 | 1.02474 | 42 || 39 | -98786 | 1.01229 | 21 || 50 -99942 | 1.00058 1 
19 | .97643 | 1.02414 | 41 || 40 | .98843 | 1.01170 | 20]| 60 | 1 I ce 
20 | .97700 | 1.02355 | 40 
’ \Co-ran.! Tan. | ” || ’ |Co-ran.! Tan. | ’ || ’ | Co-tan.! Tan. | ” 
45° 45° 5° 
NATURAL SINES AND COSINES 
0° 0° 0° 
’ | Sine | Cosine | ’ || ’ | Sine | Cosine} 7” Sine | Cosine | ’ 
© | .ccooo | I 60 || 21 | .co61r 99908 | 30 || 41 | .o1193 | .99993 | 1 
1 | 00029 | I 59 || 22 | .o0640 | .99008 |} 38 |] 42 | .o1222 | .99003 | I 
2 | .00058 | 1 58 || 23 | .c0669 | 99908 | 37 || 43 | 01251 | -99002 | 1 
3 | .00087 | I 57 || 24 | .00698 | .99908 | 36 |] 44 | 01280 | .99902 | 1 
4 | 00116] r 56 || 25 | .00727 | .90097 | 35 || 45 | 01309 | .o9991 | 1 
5 | 00145 | I 55 || 26 | .00756 | .99007 | 34 || 46 | .01338 | -o0091 | 3 
6 | 00175 | 1 54 || 27 | .00785 | .99097 | 33 || 47 | 01367 | .o9001 | 1 
7 | .00204 | I 53 || 28 | .co814 | .99007 | 32 || 48 | .01306 | .o9990 | 1 
8 | .00233 | 1 52 || 20 | .00844 | .99996 | 31 || 49 | .01425 | 90990 | 1) 
9 | 00262 | 51 || 30 | .00873.| .99906 | 30 || 50 | .01454 | .00089 | 1) 
BP CES EOA | 5° |! 31 | 00902 | .99996 | 20 || st | .or483 | .09080 | | 
11 | .00320 .99999 | 49 || 32 | .00931 | .09006 | 28 || 52 | .01513 | .99980 
12 | .00349 | .99009 | 48 || 33 | .cc960 | .90005 | 27 || 53 | 01542 | .99088 
13 | 00378 | .99099 | 47 || 34 | .co989 | .99095 | 26 || 54 | .o1571 | .990088 
14 | .00407 .99099 | 46 || 35'| .o1018 | .99005 | 25 || 55 | .o1600 | .99087 
15 | .00436 | .99999 | 45 |] 36 | .o1047 | .90005 | 24 || 56 | .01620 | .90087 
16 | .00465 | 90909 | 44 || 37 | .01076 | .99004 | 23 || 57 | 01658 | .90986 
17 | .00495 | -99099 | 43 || 38 | .ot105 | .99904 | 22 || 58 | .01687 | .990986 | | 
18 | .00524 | .99900 | 42 || 30 | .01134 | .00004 | 21 || 50 | .0r716 | .oo085 | | 
19 | .00553 | .99908 | 41 || 40 | .01164 | .99993 | 20 || 60 | .of745 | .09085 | | 
@0 | .00582 -99908 | 40 ; 
’ | Cosine | SINE ‘|| * | Costne ’ ||? |Cosmve | Sinz i | 
gg° 89° 89° I 


SINES 865 
rz 22 38° 4° 

’ | Stne | Cosme || Sine | Costne|| Sme | Cosine]! Sine | Cosine | 7 
© | 101745 | .99085 || .03490 | .990030 | 25234 | .99863 || .06076 | .90756 | 60 
I | -01774 | .99084 |} .03519 | .99938 || .05263 | .9986r |} .o7005 | .99754 | so 
2 | 01803 | -99984 |} .03548 | -99937 || .05202 | .99860 |] .07034 | .o0752 | 58 
3 | .01832 | .90083 || 03577 | -99936 || .05321 | .99858 |] .07003 | .09750 57 
4 | .01862 | .99983 |} .03606 | .99935 || .05350 | .09857 || .o7092 | .99748 | 56 
5 | -o18or | .99082 || .03635 | .99934 |] .05379 | .90855-|| 07121 | .09746 | $5 
6 | .01920 | .99982 || .03664 | .99933 || 05408 | .06854 |] .o7150 | .oo744 | 54 
7 | ©1949 | .99981 |} .03693 | .90032 |] .05437-] .90852 || .o7179 | .o9742 | 53 
8 | .01978 99980 || .03723 | .09031 || .05466 | .90851 || .07208 99740 | 52 
9 | 02007 | .99980 |} .03752 | .99930 || .05495 | .09840 || .07237 | .09738 | sx 
Io | .02036 | .99979 || .0378r | .99029 || .05524 | .99847 || .07266 99736 | 50 
Ir | .02065 | .99979 |] .03810 | .99027 || 05553 | .90846 || 07205 } .00734 | 4o 
12 | .02094 | .99978 |} .03839 | .99926 |} .05582 | .09844 || .07324 | 00731 | 48 
13 | .02123 | .99077 || .03868 | .o0925 || .o5611 | .99842 || .07353 | 00720 | 47 
14 | 02152 | .90077 || .03807 | .90924 || .05640 | .99841 || .07382 | .00727 | 46 
15 | .o2181 99976 || .03026 | .990923 || .05669 | .90839 || .o7411 99725 | 45 
16 | .o2211 99976 || .03055 | .90922 || .05698 | .90838 || .07440 99723 | 44 
17 | .©2240 | .99975 |} .03084 | .09021 || .05727 | .99836 || .07460 | .o9721 | 43 
18 | .02269 | .99074 || .04013 | -99019 || .05756 | .90834 || .07408 | .o9710 | 42 
19 | .02298 | .99974 || .o4o42 | .00918 || .05785 | .09833 || .07527 | .09716 4L 
20 | '.02327 | .99073 || 04071 | .99017 || .05314 | .9983r || .07556 | .09714 | 4o 
21 | .02356 99972 || 04100 | .999016 |} .05844 | .99829 || .07585 | .oo712 39 
22 | .02385 99972 |} 04120 | .99015 || .05873 | .90827 || .o7614 | .90710 38 
23 | :02414 | .90971 || .04I150 | .099013 || .05902 | .90826 || 07643 | .90708 | 37 
24. | 02443 | .09970 || .04188 | .99912 || .05931 | .99824 |} .07672 | .o9705 | 36 
25 | .02472 99969 || .04217 | .oa911 || .05960 | .o9822 ©7701 | .09703 | 35 
26 | .02501 99969 || .04246 | .999I10 05989 | .9982t || .07730 | .99701 34 
27 | .02530 99968 |} .04275 | .990909 |} .06018 | .o9810 07759 | .99600 | 33 
28 | .02560 99907 || .04304 | .09907 || .06047 | .o9817 || .07788 -99606 | 32 
29 | .02580 99966 |} .04333 | .99906 || .06076 | .oo8r5 07817 | .90604 | 31 
go | .02618 99956 || .04362 | .99005 || .06105 | .99813 || .07846 99692 | 30 
31 | .02647 | .99065 |} .o4z0r | .09904 || .06134 | .90812 || .07875 | .99680 29 
32 | .02676 | .99964 |] .04420 | .99902 || .06163 99810 || .o7904 | .99687 | 28 
33. | 02705 | .90063 || .04449 | .99901 || .06192 | .99808 |} .07933 | .00685 | 27 
34 | .02734 99963 || .04478 | .99900 || .06221 | .99806 :079062 | .90683 | 26 
35 | 102703 99962 |} .04507 | .99808 || .06250 | .99804 07991 | .90680 | 25 
30 | .02792 99961 |} .04536 | .99807 || .06279 | .99803 || .o8020 99678 | 24 
37 | 02821 99960 || .04565 | .99896 || .06308 | .o980r 08049 | .00676 | 23 
38 | .02850 | .99059 || .04504 | -00804 || .06337 | .09700 || .08078 | .09673 | 22 
39 | .02870 99959 || .04623 | .99893 || .06366 | .90707 || .08107 | .o9671 | ar 
Jo | 02908 | .99058 || .04653 | .99802 || .06305 99795 || .08136 | .99668 | 20 
IX | .02938 | .90057 || .04682 | .99800 || .06424 | .09703 || .0816 5 | .99666 | 19 
12 | .02067 99956 || .04711 | .90880 || .06453 | .99702 08194 | .90664 | 18 
3 | :02006 | .90955 || .04740 | .90888 |} .06482 | .99700 || .o82 23 | .00661 | 17 
14 | .03025 99954 || .04760 | .99886 || .o651r | .99788 |] .08252 | .o9650 | 16 
S| 103054 | .99953 || .04708 | .09885 || .06540 | .90786 || 08281 | .90657 | 15 
6 | .03083 99952 || .04827 | .99883 || .06560 | .99784 |} .08310 | .906 54 | 14 
7 | .03112 99952 || .04856 | .99882 || .06508 | .99782 || .08330 90652 | 13 
8) | .03141 99051 || .04885 | .9988x || .06627 | .99780 || .08368 90649 | 12 
9 | ©3170 | .99950 || .04914 | .99879 || .06656 | .99778 |] 08307 | .o9647 | 12 
© | 03109 | .99949 || .04943 | .90878 || .06685 | .99776 || .08426 | .99644 | 10 
T | .03228 | .99948 || .04972 | .90876 || .06714 | .99774 || .o84s5 | .00642 | 0 
2 | 03257 | .99947 || .o500r | .99875 || .06743 | .00772 || .08484 | .99630 | 8 
3 | -03286 | .99946 || .05030 | .09873 || .06773 | .09770 || .08513 | .00637 7 
4 | .03316 | .990045 || .o5059 | .90872 |] .06802 99768 || 08542 | .99635 6 
5 | 03345 | .90044'|| 05088 | .99870 || .06831 | .90766 || .o8 571 | .99632 5 
6 | .03374 | .09043 |] .o5117 +99869 |] .06860 | .99764 || .08600 | .99630 4 
7 | 03403 99942 || .05146 | .99867 || .06889 | .99762 || .08629 -99627 3 
8 103432 | 90941 || 05175 | .99866 || .06918 | .99760 || .08658 | .o9625 2 
D | .03461 99940 || .05205 | .00864 || .06047 | .09758 || .08687 .99622 I 
2 | 93499 | .00930 || .05234 | .99863 || .06076 | .09756 .08716 | .99619 ° 
ee fee 

‘| Cosine | Stve |] Cosine! Sine || Cosme | Sine CosmvE| Sinz | ’ 

88° 87° 86° 85° 


SHOP TRIGONOMETRY 


5° 6° 7 8° 
? | Sine | Costne || Srvc | Cosrne|| Sine | Costve|| Smeg | Cosine| , 
o | .08716 | .o96r9 |} .10453 | .09452 || .12187 | .09255 || -13017 | .99027 | 60 
x | .08745 | .90617 || .10482 | .99440 |] .12216 | .o9251 || -13046 | .99023 | 50 
2 | 08774 | .90614 || .r051r | .99446 || .12245 | .99248 || .13075 | .090T9 58 
3 | .08803 | .99612 || .10540 | .99443 || .12274 | .99244 || -14004 | -990I5 | 57 
4 | .08831 | .99609 |) .10569 | .99440 || -12302 | .99240 || .14033 | -QOOIT 56 
5 | .08860 | .99607 || .105907 | .90437 || -12331 | .99237 || -14061 | .99006 | 55 
6 | .08889 | .99604 || .10626 | .99434 || -12360 | .99233 || «14090 | .99002 | 54 
7 | 08918 | .09602 || .10655 | .90431 || -12380 | .09230 || .141T9 | .98008 | 53 
8 | 08047 | .990500 || -10684 | .99428 || .12418 | .99226 || .14148 | .08004 | 52 
9 | .08076 | .99596 || -10713 | .09424 || .12447 | .99222 || 14177 990 | 5i 
ro | .ogoos | 90504 || .10742 | .90421 || 12476 | .o9219 || »14205 .98986 | 50 
11 | .09034 | .o9s91 || .10771 | -90418 || .12504 | .902T15 || -14234 -98982 | 40 
12 | .09063 | .99588 || .10800 | .99415 || -12533 | -oo2Tr || -14263 | .08978 48 
13 | .09092 | .99586 || .10829 | .99412 || -12562 | .99208 || .14202 .989073 | 47 
14 | .og12t | .99583 || .10858 | .00409 || -12501 | .90204 || -14320 -98969 | 46 
15 | .oorso | .99580 || .10887 | .99406 || .12620 | .99200 || -14349 | .08065 | 45 
16 | .o9r79 | .90578 || .10916 | .99402 || -12649 | .09107 || .14378 | -o8061 | 44 
17 | .09208 | .99575 || 10945 | 99300 || .12678 | 99103 || .14407 | -98957 | 43 
18 | .00237 | .00572 || .10073 | -09306 || 12706 | .oor89 || -14436 | .08053 | 42 
19 | .09266 | .99570 || .11002 -99393 «12735 .99186 || .14464 | .98048 | 41 
20 | .09295 | .99567 || .r1031 | .99300 || -12764 | .99182 || .14493 -98044 | 40 
21 | .09324 | .99564 || .11060 | .99386 || 12793 | .99178 || .14522 | .08040 | 39 
22 | .09353 | .09562 || .11089 | .99383 || 12822 | -o0275 || -14551 | .08036 38 
23 | .09382 | .99550 || .r1118 | .99380 || .12851 -QO17E -14580 | .98931 | 37 
24 | .o941r | .99556 || .11147 | .90377 || -12880 | .99167 || 14608 | -08927 | 3¢ 
25 | .09440 | .99553 || 11170 | .00374 || 12008 | .oo163 |] 14637 | .08923 | 35 
26 | .09460 | .oo5sr || .11205 | .99370 || -12037 | -99160 || -14666 | .o8019 | 34 
27 | .00408 | .99548 || .11234 | .90367 || -12066 | .90156 || .14605 | .o8014 | 3; 
28 | .09527 | .90545 || .11263 | .90364 || -12005 | -90152 || 14723 .98910 | 31 
29 | .09556 | .99542 || .11291 | .99360 || .13024 | .99148 || .14752 | .08006 3) 
30 | .09585 | .09540 || .11320 | .90357 || -13053 | -90144 || -1478r | .08902 | 3¢ 
31 | .09614 | .90537 || -11349 | .00354 || .13081 | .oor4r || .14810 | .08807 | 2 
32 | .09642 | .99534 || .11378 | -00351 || -131I0 | .09137 || -14838 | .08893 | 2! 
33 | .c9671 | -90531 || .11407 | .00347 |] -t3130 | -90133 || -14867 | .98889 | 2) 
34 | .09700 | .99528 || .11436 | .00344 || -13168 | .99120 || 14896 | .98884 | 2t 
35 | .09729 | .09526 || .11465 | .00341 || -t3107 | -99125 || «14925 | -98880 | 2 
36 | .09758 | .00523 || .11404 | .00337 || 13226 | .99122 || .14954 | .08876 | 2, 
37 | .09787 | .90520 || .11523 | -00334 || -13254 | .o9118 || «14982 | .08871 | 2 
38 | .00816 | .90517 || .11552 | .90331 || -13283 | -o0114 || -1501I | .08867 | 2 
39 | .09845 | .o9514 || .11580 | .09327 || -13312 | -9oTTO || «15040 | .08863 | 2 
40 | .09874 | .og51t || .11609 | .99324 |} -13341 | -99106 |/ «15060 .98858 | 2 
41 | .09903 | .99508 || .11638 | .90320 |] -13370 | .o9102 || .r5007 | 08854 | 1 
42 | .09932 | -99506 || .11667 | .99317 || -13309 | -99008 || .15126 | .98840 | 1 
43 | .09961 | .99503 |} .r1606 | .90314 |] -13427 | .90004 || -15155 | .08845 | 1 
44 | 09990 | .99500 || .11725 | .99310 || -13456 | -o90or || .15184 | .o8841 | 1 
45 | -t0019 | .90407 || .11754 | .09307 || -13485 | 99087 || 15212 | .98836 | 1 
46 | .10048 | .09404 || 11783 | .99303 || -13514 | -90083 |] «15241 | .98832 | 1) 
47 | -10077 | .994901 || 11812 | .99300 |] -13543 | -99079 || .15270 | .08827 | I 
48 | .10106 | .99488 || .11840 | .99297 |] 13572 | -99075 |} -15209 | .08823 | 1 
49 | .t0135 | .990485 || .11869 | .99293 || -13600 | .99071 || -15327 | .98818 | 1 
50 | .10164 | .99482 || 11898 | .99290 || 13629 | -99067 || 15350 | 08814 | 2 
51 | .10192 | .90470 || .11927 | .99286 || .13658 | .99063 || .15385 | .98809 
52 | .ro22t | .99476 || .11956 | .99283 || -13687 | .90050 || -15414 | .08805 
53 | .10250 | .00473 || 11085 | .00270 || .13716 | .99055 || «15442 | .o8800 
54 | .10279 | .99470 || .12014 | .99276 || 13744 | 09051 || -15471 | .08706 
55 | .10308 | .90467 || .r2043 | .99272 |] .13773 | -90047 || «15500 | .98701 
56 | .10337 | .90464 || .12071 | .99269 || -13802 | .09043 || .15520. | -08787 
57 | .10366 | .90461 || .12100 | .99265 || .13831 | .09030 ||*-15557 ‘|, .98782 
58 | .10305 | -09458 || .r2120 | .90262 || .13860 | -90035 || .15586 | .08778 
59 | 10424 | .90455 || .12158 | .99258 || .13880 | .og031 || «15615 | .08773 
60 | .10453 | .90452 || .12187 | .90255 || -13017 | -90027 || .15643 | .08760 Le 
Cosine | Stne || Cosine! Sine || Cosine! Stve || Cosine! Sine | ‘) 
C) 83° 82° 


81° 


rice. ae eee oe 
DBI AnUAwW HH CS OI OKUAW HHO | . 


Bes VO AON AMAA NHH OO ON AUNUHRW HH ODO On OV 


SINES 
9° 10° 11° 12° 
Smvez | Cosrne|! Sinz | Costne|} Srve | Cosine || Sine | Cosine 
+} pee 
15643 | .98769 || .17365 | .08481 || .r908r | .98163 || .20791 | .97815 
+15672 | .98764 || .17303 | .98476 || .19109 | .98157 || .20820 | .97809 
+15701 | .08760 }} .17422 | .08471 || 19138 | .08152 |} .20848 | .97803 
15730 | .08755 || .17451 | .98466 || .19167 | .98146 || .20877 | .97797 
+1575) -9875E || .17479 | .9846r || .r9195 | .98140 || .20905 | .07791 
-15787 | .98746 || .r7508 | .98455 || -19224 | .98135 || .20033 | .07784 
15816 | .98741 || .17537 | .08450 |] .19252 | .98120 || .20962 | .97778 
-15845 | .98737 || -17505 | .08445 || -19281 | 98124 || .20990 | .97772 
15873 | .08732 || -17504 | .98440 || .19300 | .98118 21019 | .97766 
+15902 | .98728 || .17623 | .08435 || -19338 | .98112 || .21047 | .97760 
+I5931 | .98723 || .17651 | .98430 |} .19366 | .98107 21076 | .07754 
-15950 | .98718 || .17680 | .98425 || .19305 | .o8rot 21104 |, .97748 
+1588 | .98714 |] .17708 | .08420 || .19423 | .98006 || .21132 | .07742 
+16017 | .98709 || .17737 | .08414 || .19452 | .98090 || .21161 | .07735 
+16046 | .98704 || .17766 | .o8409 || .19481 | .98084 || .21180 | .97720 
+16074 | .98700 |} .17794 | .08404 || .t9509 | .98079 || .21218 | .97723 
+16103 | .98695 || .17823 | .98309 || -19538 | .08073 || .21246 | .07717 
216132 98690 || .17852 | .98304 || .19566 | .08067 || .21275 | .o7 711 
+16160 | .98689 |} .17880 | .98389 |} .to505 | .o8061 || .21303 | .o7705 
16189 98681 || .17909 | .98383 || -19623 | .08056 || .2133r | .97608 
16218 | .98676 || .t7937 | 08378 || .19652 | .98050 || .21360 | .o7602 
16246 | .98671 || .17966 | .98373 || .19680 | .98044 || .21388 | .97686 
16275 93667 || .17905 | .98368 || .19709 | .98039 || .21417 | .97680 
16304 | .98662 || .18023 | .98362 || .19737 | .98033 21445 | .07673 
+16333 08657 || .18052 | .98357 || .19766 | .08027 || .21474 | .97667 
-T6361 98652 || .18081 | .98352 || .19704 | .o802t || .21502 | .97661 
-16390 98648 || .18109 | .98347 || .190823 | .08016 |} .21530 | .97655 
16419 98643 || 18138 | .98341 || 19851 | .o8010 || .21550 | .97648 
-16447 | .98638 || .18166 | .98336 || .t9880 | .98004 |} .21587 | .07642 
16476 | .98633 || .18r95 | .98331 || -19908 | .97907 || .21616 | .97636 
+16505 | .98629 || .18224 | .98325 || .19037 | .07902 || .21644 | .97630 
+16533 | .98624 || .18252 | .98320 || .r9965 | .97087 || .21672 | .97623 
+16562 | .98619 }} .18281 | .98315 || .r9904 | 97081 || .21701 | .97617 
165901 | .98614 || .18309 | .98310 || .20022 | .97975 || .21720 | .o7611 
-16620 | .98609 |} .18338 | .98304 || .200§1 | .97069 || .21758 | .97604 
+16648 | .98604 || .18367 | .98209 || .20079 | .97963 || .21786 | .97508 
16677 | .98600 || .18395 | .98204 || .20108 | .97058 || .21814 | .o7502 
16706 | .98595 |} .18424 | .98288 || .20136 | .07952 || .21843 | .97585 
16734 | .98590 || 18452 | .98283 || .20165 | .07046 || .21871 | .07570 
-16763 | .98585 || .18481 | .98277 |] .20193 | .97040 || .21800 | .07573 
+16792 | .98580 || .18509 | .98272 || .20222 | .97934 || .21928 | .97566 
-16820 | .98575 || .18538 | .08267 || .20250 | 97928 || .21956 | .07560 
+16849 | .98570 || .18567 | .0826r || .20279 | .97922 || .21985 | .97553 
-16878 | .98565 || .18505 | .08256 || .20307 | .97916 || .22013 97547 
+16906 | .9856r || .18624 | .98250 || .20336 | .97910 || .22041 | .97541 
-16935 | .98556 || .18652 | .98245 || .20364 | .97005 |] .22070 97534 
+16964 | .98551 || .18681 | .98240 |] .20303 | .97800 || .22008 97528 
+16992 | .98546 || .18710 | .98234 || .20421 | .97803 || .22126 | .o7521 
-17021 | .98541 || .18738 | .98220 || .20450 | .07887 || .22155 | .o7515 
+17050 | .98536 || .18767 | .98223 || .20478 | .9788x || .22183 | .97508 
+7078 | .98531 || .18795 | .98218 || .20507 | .97875 || .22212 | .97502 
+17107 | .98526 || .18824 | .o8212 || .20535 | .97869 || .22240 | .07406 
-17136 | .98521 || .18852 | .98207 || .20563 | .97863 || .22268 974890 
17164 | .98516 || .18881 | .98201 || .20592 | .97857 || .22207 07483 
-17193 | .98511 || .18910 | .98196 || .20620 | .97851 || .22325 | .07476 
+17222 | .08506.|| .18938 | .98190 || .20649 | .97845 |] .22353 | .07470 
+17250 | .o8501, || .18967 | .98185 || .20677 | .97830 || .22382 97463 
17279 | .98406 || .18905 | .98170 || .20706 | .97833 || .22410 | .97457 
+17308 | .984o1 || .19024 | .98174 || .20734 | .97827 || .22438 | .o7450 
+17336 | .98486 || .19052 | .98168 || .20763°| .978az || .22467 | .07444 
+17305 | .08481 || .19081 | .08163 || .20791 | .97815 || .22405 | 07437 
Costve| Sine || Cosrve! Sine || Cosine! Sine || Cosine! Sine 
¢ 792 78° 77 


| BSG GSES tes 


~ 


SHOP TRIGONOMETRY 


13° 14° 15° 16° 
’ | Sie | Cosmve|| Sm | Cosrne|| Srve | Cosrve|) Sinz 
o | .22405 | .97437 || 24x02 | .97030 || .25832 | .96503 || .27 564 
x | .22523 | .97430 || .24220 | .97023 || .25910 | .96585 || 27592 
2 | .22552 | .07424 || .24249 | .o7015 || 25038 96578 || .27620 
3 | -22580 | .07417 || -24277 .97008 || .25966 | .96570 || .27648 
4 | -22008 | .97411 || -24305 | .97001 || .25004 .96562 || .27676 
5 | .22637 | .07404 || .24333 | -90004 || .26022 | .90555 || -27704 
6 | .22665 | .07308 |} .24362 | .96087 || .26050 | .96547 || .27731 
7 | .22603 | .07301 || -24300 | .96980 |} .26079 | .96540 || .27759 
8 | .22722 | .97384 || .24418 | .96073 || 26107 | .96532 || 27737 
9 | 22750 | .97378 || -24446 | .96966 .26135 | .96524 || .27815 
ro | .22778 | .97371 || .24474 | .96059 || .20163 | .00517 27843 
11 | .22807 | .0736s || .24503 | .96052 || .26191 | .965009 || .27871 
12 | .22835 | .97358 || -24531 | -96045 || -26219 | .90502 -27809 
13 | .22863 | .0735r || -24550 | .96037 || -26247 | -96494 |} .27027 
14 | .22892 | .97345 { .24587 | .96030 || .26275 | .96486 || -27055 
15 | .22920 | .97338 || .24615 | .96923 || .26303 | .96479 27983, 
16 | .22048 | .97331 || -24644 | .96016 || .26332 | -00471 .28011 
17 | .22077 | .97325 || -24672 | .96000 || -26350 .96463 || -28039 
18 | .23005 | .97318 || .24700 | .96902 || .26387 | .96456 .28067 
19 | .23033 | -97311 || .24728 | .96894 || -26415 .96448 || .28005 
20 | .23062 | .97304 || .24756 | .96887 || -26443 | .96440 -28123 
2x | .23090 | .97208 || .24784 | .96880 |} .26472 | .96433 28150 
22 | .23118 | .97201 || .24813 | .96873 || .26500 | .06425 -28178 
23 | .23146 | .97284 || .2484t | .96866 |} .26528 | .96417 .28206 
24 | .23175 | .97278 || .24869 | .96858 || .26556 | .96410 -28234 
25 | .23203 | .07271 || -24807 | .o6851 || -26584 | .96402 -28262 
26 | .23231 | .07264 || .24025 | .06844 || 26612 | .06304 -28200 
27 | .23260 | .97257 || -24054 | .06837 || -26640 96386 || .28318 
28 | .23288 | .o7251 || .24982 | .06820 || .26668 | .96370 || .28346 
29 | .23316 | .97244 || -25010 | .96822 || .26606 | .96371 -28374 
30 | .23345 | .07237 || -25038 | -968r5 || .26724 .96363 || -28402 
31 | .23373 | -97230 || .25066 | .96807 || .26752 96355 || .28429 
32 | .23401 | .97223 || .25004 | -96800 || .26780 | .06347 -28457 
33 |. 23420 | .97217 || .25122 | .96793 || .26808 | .96340 28485 
34 | 23458 | .97210 || .25151 | .96786 || .26836 | .06332 -28513 
35 | .23486 | .97203 || .25179 | .96778 || .26864 | .96324 »28541 
36 | .23514 | .07106 || .25207 | .06771 || .26892 | .96316 28560 
37 | .23542 | .97189 || .25235 | .06764 || .26020 .96308 || .28507 
38 | .23571 | .97182 || .25203-| .96756 || -26048 | .96301- .28625 
30 | .23500 | .07176 || .25201 | .06749 || .26076 | .96203 28652 
4o | .23627 | .97169 || .25320 | .96742 || .27004 | .96285 .28680 
4t | .23656 | .97162 || .25348 | .06734 || .27032 | .96277 28708 
42 | .23684 | .97155 || .25376 | .06727 || .27060 | .96260 28736 
43 | .23712 | .07148 || .25404 | .96710 || .27088 | .96261 || .28764 
44 | .23740 | .o7141 || .25432 | .06712 || .27116 | .06253 || .28702 
45 | .23760 | .97134 || .25460 | .96705 || .27144 | .96246 28820 
40 | .23707 | .07127 || .25488 | .96607 || 27172 | .96238 || .28847 
47 | .23825 | .97120 || .25516 | .96600 || .27200 | .96230 -28875 
48 | .23853 | .07113 || .25545 | .96682 |! 27228 | .96222 +28903 
49 | .23882 | .97106 || .25573 | .96675 || .27256 | .o6214 || .2803 
50 | .23910 | .o7100 || .2560r | .96667 || .27284 | .96206 -28059 
51 | .23038 | .97003 || .25620 | .06660 |] .27312 | .96108 || .28087 
52 | .23006 | .97086 || .25657 | .96653 || 27340 | -06100 || .20015 
53 | -23005 | .o7070 || .25685 | .06645 || .27308 .90182 || .29042 
54 | .24023 | .o7072 || .25713 | .96638 || .27306 | 96174 || .20070 
55 | .24051 | .97065 || .25741 | .96630 || .27424 | .96166 29008 
56 | .24070 | .o7058 || .25760 | .96623 || .27452 | 90158 «29120 
57 | .24108 | .o7osr || .25708 | .06615 || .27480 | .06150 || .20154 
58 | .24136 | .07044 || .25826 | .96608 || .27508 | .o6142 || 20182 
50 | .24164 | .07037 || -25854 | .96600 || .27536 | 06134 || .20209 
60 | .24192 | .97030 || .25882 | .06593 || -27504 | .96126 || .29237 
’ | Cosine! Sive || Cosine! Sine '||Costye! Sinz || Cosine 
76° 5° 74° 73° 


SINES 869 
{7° 18° 19° 20° 

, Sine | Cosine]! Srvz | Cosine]! Sive Cosine |} Stine | Cosmne | ” 
© | .29237 | .95630 || .30902 | .95106 32557 | -94552 || .34202 | .93069 | 60 
I | -29205 | .95622 || .30929 | .95007 || .32584 | .o4sa2 34220 | .03050 | 50 
2 | -20203 | .95613 |} .30057 | .95088 || .32612 | .04533 34257 | .93049 | 58 
3 | -20321 | .95605 || .30985 | .95079 || .32630 | .04523 34284 | .93030 | 57 
4 | -20348°| .95506 || .31012 | .95070 || .32667 94514 |] +3431 | .03020.| 56 
5 | :20376 | .95588 |} .31040-| .95061 || .32604 94504 || -343390 | -03019 | 55 
6 | .20404 | .95579 || .31068 | .o5os2 || 32722 *94495 |! -34306 | .93009 | 54 
Z | :29432°| 05571 || .31095 | .95043 || .32749 | .94485 |] .34303 93899 | 53 
8 | .29460 | .95562 |] .31123 | .95033 |] .32777 94476 || .34421 | .93889 | 52 
9 | -29487 | .05554 || 31151 | .o5024 || .32804 94406 || .34448 | .03870.| 51 
XO | 29515 | 95545 || .31178 | .o5o15 || .32832 | .o4457 || .34475 -93869 | 50 
IT | -20543 | -95536 || .31206 | .95006 || .32859 | .o4447 +34503 | .03850 | 40 
12 | 29571 | .95528 || 31233 | .94007 || .32887 | .04438 +34530 | .03849 | 48 
33 | -29599 | -95519 || 31261 | .94988 || .32014 | .94428 || 34557 93839 | 47 
14/| .20620 | .ossrr |! .31289 | .04070 || .32042 | .04418 +34584 | .03820 | 46 
15 | -29054 | .95502 |] .31316 | .94970 || .32060 94400 || .34612 | .93810 | 45 
16 | .20682 | .95493 || .31344 | .94961 || .32007 94309 || .34639 | -93800 | 44 
17 | :29710 | .95485 || .31372 | .o4052 || .33024 | .94300 || .34606 93799 | 43 
18 | .20737 | .95476 || .31300 | .04043 +3305 | .94380 || .34604 | .93789 | 42 
19 | -20705 | .95467 || .31427 | .94033 || .33070 94370 || -3472I | .03779 | 41 
20 | +29793 | -95459 || -31454 | .94024 || .33106 | .o436x || .34748 93769 | 40 
20821 | .95450 || .31482 | .o4or5 || .33134 | .04351 -34775 | .03759 | 30 
22 | .29849 | .95441 || .31510 | .94006 || .33161 94342 || .34803 | .03748 | 38 
23 | -20876 | .95433 || .31537 | .04807 || .33180 94332 || .34830 | .93738 | 37 
24 | -29904 | .95424 |} 31505 | .94888 || .33216 | .04322 || .34857 | .93728 36 
25 | 129932 | -95415 || -31503'| .94878 || .33244 | .04313 || .34884 | .93718 35 
26 | .29960 | .95407 || .31620 | .94860 +3327T | .04303 || -34912 | .93708 | 34 
27 | -20087 | .95308 || .31648 | .94860 || .33208 +94203 || -34030 | .03608 | 33 
23 | .30015 | .95380 +31675 | .94851 || .33326 04284 || .34066 | .93688 32 
29 | -30043 | .95380 |} .31703 | .94842 || .33353 | .04274 || .34003 93677 | 3x 
39 | -30071 | .95372 || .31730 | .04832 || .3338x 94204 || .3502T | .93667 | 30 
31 | -30098 | .95363 |} .31758 | .04823 || «33408 94254 |} .35048 | .93657 | 20 
32 | 30126 | .95354 || .31786 | .04814 || .33436 | .o4245 +35075 | .03647 | 28 
$3 | 30154 | -95345 || -31813 | .94805 || .33463 | .04235 || .35102 93037 | 27 
34 | -30182 | .95337 || .31841 | .o4705 || .33400 94225 || «35130 | .03626 | 26 
35 | '-30209 | .95328 || .31868 | .04786 +33518 | .94215 |] .35157 | .03616 25 
36 | -30237 | .95319 || .31806 | .04777 || .33545 -94206 || .35184 | .03606 | 24 
37 | -30205 | .95310 || .31923 | .04768 || .33573 94106 || .3521r | .03506 | 23 
38 | .30292 | .95301 +3195I | .04758 || .33600 | .94186 +35230 | .03585 | 22 
39 | -30320 | -95293 || .31979 | .04740 || .33627 | .94176 || .35266 93575 | 21 
4° | .39348 | .95284 || .32006 | .94740 |] .33655 94167 || .35203 | 03565 | 20 
4X | .30376 | .95275 || .32034 | .94730 |] .33682 | .o4ts7 || .35220 93555 | 10 
42 | +30403 | .95206 || .3206r | .94721 || .33710 | .94147 || 35347 93544 | 18 
43 | -30431 | .95257 || .32089 | .94712 |) .33737 | .04137 || -35375 | .03534 17 
44 | -30450 | .95248 || .32116 | .04702 || .33764 | .94127 || .35402 93524 | 16 
45 | .30486 | .95240 || .32144 | .04603 || .33702 | .o4118 ‘35420 | .93514 | 15 
46 | .30514 95231 |} «32171 | .94684 || .33810 -94108 || .35456 -93503 | 14 
47 | -30542 | .95222 || .32199 | .94674 || .33846 | .94008 |] .35484 93493 | 13 
48 | .30570 95213 || .32227 | .04665 || .33874 | .94088 +3551 | .93483 | 12 
49 | -39597 | 95204 || .32254 | .94656 || .33001 | .94078 -35538 | .03472 | Iz 
5° | .30625 | .o5105 || .32282 04646 || .33029 | .94068 -35505 | .03462.] 10 
51 | -30653 | .95186 || .32309 | .94637 | .33056 94058 || .35502 | .03452 | 9 
52 | -30680 | .95177 || .32337 | .94627 || .33083 94049 || 35619 | 93441 | 8 
53 | -30708 | .95168, || .32364 | .94618 || .34orr 94039 || -35647 | .03431 7 
$4 | -30736 | .95159 || .32392 | .94609 || .34038 94020 || .35674 | .93420 | 6 
55 | -30703 | -05150'|| 32419 | .94500 || .34065 | .o4o1 9 || 3570 | .03410 | 5 
56 | .30701 | .95r42 || .32447 | .94500 || .34003 94009 |] -35728 | .93400 | 4 
57 | .30819 | “95133 || .32474 | .04580 || 34120 93099 || .35755 | -03389 | 3 
58 | .30846 | .95124 || .32502 | .o4571 || 34147 “93080 || .35782 | .03379 | 2 
59 | 30874 | 95115 || 32520 | .9456r || .34175 93979 || .35810 | .93368 | x 
G0 | -30902 | .95106 || .32557 | .o45s2 || 34202 -93969 |) .35837 | .03358 | o 

’ | Cosine | Sine || Cosine! Sinz Cosine! Sine ||Costwve! Smz | ’” 

72° (is 70° 69° 


co 
~s 
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SHOP TRIGONOMETRY 


2i¢ 22° 23° 24° 
» | Sme | Cosrye|| Smve | Cosmve|| Smve | Cosine|| SINE CosINE 
o | .35837.| 03358 || .37461 | -92718 || .30073 | .92050 || -40674 | 91355 
1 | .35864 | .93348 || .37488 | -92707 || 39100 | .92039 || .40700 | -91343 
2 | .3589r | 03337 || -37515 | -92097 || -39127 | .92028 || 40727 | .9133E 
3 | -35918 | .03327 || -37542 | -92080 || .30153 .92016 || .40753 | -91310 
4 | .35045 | .03316 || -37509 | -92675 || -39180 | .92005 +40780 | .91307 
5 | .35973 | -93306 || 37505 | -92064 || .39207 | .91004 -40806 | .91205 
Gy1i <3 93205 || -37022 | .92053 || -39234 .91982 || .40833 | .91283 
7 | .36027 | .03285 || -37649 .92642 || .30260 | .org71 || .40860 | .91272 
8 | .36054 | .03274 || -37676 .92631 || .39287 | .91959 |} -40886 «91260 
9 | .36081 | .93264 || -37703 .92620 || .30314 | -91948 || .40013 91248 
to | .36108 93253 || -37730 | -92509 || 30341 .91936 |} .40939 | .91230 
11 | .36135 | -93243 || -37757 925098 || -390367 | -91925 || 40966 | .91224 
12 | .36162 | .93232 || 37784 92587 || .303904 | -91914 || -409002 | .91212 
13 | -361900 | -03222 37811 | -92576 || -30421 | .91902 || -410LQ | .91200 
14 | .36217 | .93211 37838 | .92565 || -30448 | .o18o0r || 41045 | -OF 188 
15 | .36244 | .03201 |} -37805 | .92554 || -39474 .91879 || .41072 | .o1176 
16 | .36271 | .931090 || -37802 | -92543 || -3050I .91868 || .41098 | .or164 
17 | .36298 | -93180 |} -37919 | -92532 39528 | .91856 || .41125 | -OFI52 
18 | .36325 | -93169 || -37046 | .92521 || -39555 | 91845 || -ALI5I | -OL140 
19 | .36352 | -93159 || -37973 | -92510 .3058 | .91833 || -41178 | .or128 
20 | .36379 | 93148 || -37999 | -92499 39008 | .91822 || .41204 .gt116 
ax | .36406 | .93137 || -38026 .92488 || .30635 | 91810 || .41231 | .91104 
22 | .36434 | .03127 || 38053 | -92477 |} -39601 | 91790 || 41257 | .91092 
23 | .3646r | -93116 «38080 | .92466 || .39688 91787 || .41284 | .91080 
24 | .36488 | .03106 || .38107 | 92455 || -30715 01775 || «41310 | .91068 
25 | .30515 | 93095 || -38134 | -92444 || 39741 | 91764 || -41337 91056 
26 | .36542 | .93084 || 38161 | .92432 39708 | .o1752 || 41363 | -91044 
27 | .36569 | .93074 || -38188 | .92421 || .30795 | -O1741 || -41390 | -91032 
28 | .36506 | .93063 || .38215 | -92410 30822 | .91729 || 41416 | .91020 
29 | .36623 | -93052 || -38241 | -92300 .30848 | .91718 || 41443 | -91008 
30 | .36650 | .93042 38208 | .92388 || .30875 | -91 706 || 41469 | .90006 
31 | .36677 | .03031 |} -38205 | .92377 || -30902 | 91604 41496 | .90084 
32 | .36704 | .93020 || .38322 92306 || .39928 | .91683 || .41522 | -90072 
33 | .36732 | -93010 |} .38349 | -92355 |} -30955 .9t671 || .41549 | .90960 
34 | -36758 | 92009 || -38376 | -92343 || -30082 .91660 || .41575 | 90048 
35 | 36785 | .92088 || .38403 | .02332 40008 | .91648 || .41602 1909036 
36 | .36812 | .02078 || 38430 | -9232I || -40035 91636 || .41628 | .90924 
37 | -36830. | -92067 || -38456 | .92310 40002 | .91625 || .41655 | .QOorr 
38 | .36867 | .92956 || .38483 | -92209 .40088 | .91613 || .41681 «90800 
39 | -36804 | -92045 || -38510 92287 || .401rs | .o16or || 41707 .90887 
4o | .36921 | .92035 || -38537 | -92276 || -40r4r | -91590 || -41734 -90875 
4t | .36048 | .92024 |} .38564 .92265 || .40168 | .o1573 41760. | .90863 
42 | .30975 | -92013 || .385901 | -92254 || -40105 91566 || .40787 | .9o85r 
43 | -37002 | .92902 || 38617 | .92243 || -40221 | -OL555 41813 | .90830° 
44 | -37029 | .92802 || .38644 | .92231 40248 | .91543 || 41840 -90826 
45 | -37056 | .92881 || .38671 | -92220 || -40275 .01531 || -41866 | .90814 
46. | .37083 | .92870 || .38698 | -92200 || -40301 | .OI51O .41892 | .9o802 
47 | .37110 | .92850 || -38725 | -92 198 || .40328 | .91508 || -41019 | -90700 
48 | .37137 | .92849 || -38752 | -92186 || .40355 | -91496 || .41045 90778 
49 | .371%64 | .92838 || .38778 | -92175 40381 | .01484 || .41072 .90766 
50 | .37191 | -92827 || -38805 | -92 164 || .40408 | .o1472 || -41908 | -90753 
51 | .37218 | .92816 || .38832 | -92152 || 40434 91461 || .42024 | .00741 
52 | .37245 | -92805 || .38850 | -92T41 -40461 | .01449 || -4205I | -90720 
53 | -37272 | -02704 || -38886 | .92130 .40488 | .91437 || -42077 | -00717 
54 | .37209 | -92784 38912 | -O2TI9 || -40514 | -O1425 || .42104 .90704 
$5 | -3732 ‘92773 || -38039 | 92107 || 4054 | -91414 || 42130 | -90692 
86 | .37353 | -92702 38966 | .92006 || .40567 | -01402 || .421 56 | .90680 
57 | .37380 | .02751 || 38003 | -92085 || 40504 | -O1390 +42183 |. .90668 
58 | .37407 | -92740 || .30020 | .92073 .40621 | .91378 || .42209 | :90055 
50 | .37434 | .92720 |} -390046 | .92062 || .40647 | .91366 || .42235 90643 
60 | .37461 92718 || .30073 | -92050 || -40674 | .01355 .42262 | .90631 
’ | Cosine | Sive || Costne! Stve_ || Cosine 5 Sing || Cosine! SINE 
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SINES 
25° ~ 26° 27° 28° 
Stine | Cosine |} Sine | Cosmve|] Sm | Cosine || Sinz | Cosine 
-42262 | .90631 || .43837 | .80879 || .45309 | -8o101 -46947 | .88295 
-42288 | .90618 || .43863 | .80867 || .45425 -89087 || .46073 | .88281 
42315 | 90606 || .43889 | .80854 |] .45451 | .80074 || .46009 | .88267 
*42341 | .90504 || .43016 | .8084r || .45477 | .80061 || .47024 | .88254 
-42307 | .90582 |] .43942 | .89828 || .45503 89048 || .47050 | .88240 
-42304..| .90509 |! .43968 | .80816 |] .45520 | .89035 || 47076 | .88226 
42420 | .90557 || -43004 | .89803 || .45554 | .890ar || .47101 88213 
42446 | .90545 || .44020 | .89790 || .45580°| .80008 -47127 | .88199 
42473 | -90532 || .44046 | .80777 |] .45606 | .88005 || .47153 | .88185 
42409 | -90520 || .44072 | .89764 || .45632 | .88081 || .47178 | .88172 
+42525 | -90507 || .44008 | .89752 || .45658 | .88968 || .47204 | .881 58 
42552 | .90405 || .44124 | .80730 || .45684 | .88055 || .47220 | 88144 
-42578 | .90483 || .44151 | .89726 || .45710 88942 || .47255 | .88130 
-42004 | .90470 || .44177 | .80713 |] -45736 | .88028 47281 | 88117 
42031 | .90458 || .44203 | .89700 || .45762 | 88915 -47306 | .88103 
42057 | .90446 || .44220 | .89687 || .45787 | .88002 -47332 | .88089 
-42083 | .90433 || .44255 | .80674 || .45813 | .88888 -47358 | .88075 
42709 | .90421 || .44281 | .80662 |! .45839 | .88875 || .47383 | .88062 
-42736 | .90408 || .44307 | .89649 || .45865 | .88862 -47409 | .88048 
+42702 | .90396 || .44333 | .80636 || .4580r 88848 || .47434 | .88034 
-42788 | .90383 44359 | .89623 || .45917 | -88835 || .47460 | .88020 
42815 | .90371 || .44385 | .80610 || .4 5042 | .88822 || .47486 | .88006 
-42841 | .90358 || .44411 | .89507 || .45068 | .88808 47511 | .87003 
-42807 | .00346 || .44437 | .89584 || .45004 | .88705 || .47537 | .87070 
42804 | .90334 || .44464 | .89571 || .46020 88782 || .47562 | .87965 
+42020 | .90321 || .44400 | .89558 || .46046 | .88768 || .47588 | .87951 
-42946 | .90309 || .44516 | .89545 |]..46072 | .88755 |] .47614 | .87037 
42072 | .90296 || .44542 | .80532 || .46097 | .88741 || .47630 | .87923 
42009 | .90284 || .44568 | 80519 || .46123 | .88728 -47665 | .87909 
43025 | .90271 || .44504 | .89506 || .46149 | .88715 |] .47600 -878096 
43051 | .90259 || .44620 | 80493 |} .46175 | .88701 |] .47716 | .87882 
42077 | .90246 || .44646 | .89480 || .4620r | .88688 || .4774r 87868 
43104 | .90233 || .44672 | .89467 || .46226 | .88674 || .47767 87854 
43139 | .90221 || .44608 | .80454 || .46252 | .88661 || .47703 87840 
-43156 | .90208 |) .44724 | .89441 || .46278 88647 || .47818 | .87826 
-43182 | .90106 || .44750 | .89428 || .46304 88634 || .47844 | .87812 
-43209 | .90183 || .44776 | -80415 || .46330 | .88620 -47869 | .87708 
43235 | -QOT7I || .44802 | .89402 || .46355 | .88607 || .47805 87784 
+43201 | .9or58 || .44828 | .89380 || .46381 | .88503 -47920 | 87770 
-43287 | .90146 || .44854 | .80376 || .46407 | .88580 -47046 | 87756 
43313 | .00133 || .44880 | .80363 || .46433 | .88566 |] .47071 | 87743 
‘43349 | .90T20 || .44906 | .89350 || .46458 | .88553 || .47007 | 87720 
+43306 | .goro8 |} .44932 | .89337 |} .46484 88539 || .48022 | .87715 
-43392 | .90005 || -44958 | .80324 || .46510 | .88526 || .48048 87701 
43418 | .90082 |} .44084 | .8931r || .46536 | .88512 -48073 | 87687 
43445 | .90070 || .45010 | .89208 |} .46561 | .88400 || .48000 87673 
43471 | .90057 || .45036 | .89285 || .46587 | .88485 || .48124 87650 
43497 | .90045 || .45062 | .89272 || .46613. | .88472 || .48150 87645 
43523 | .90032 || .45088 | .89250 || .46630 | .88458 || .48175 -87631 
"43549 | -90019 || .45114 | .89245 || .46664 | .88445 || .4820r | .87617 
43575 | -90007 || .45140 | .89232 || .46600 | .88431 || .48226 87603 
-43602 | .89004 || .45166 | .89219 || .46716 88417 || .48252 | .87580 9 
-43628 | 80081 45102 | .89206 |} .46742 | .88404 || .48277 | . 7575 8 
-43654 | .89068 || .45218 | 89193 || .46767 -88300 || .48303 | .87561 7 
-43080 | .80056.|] .45243 | .80180 -46703 | .88377 || .48328 | .87546 6 
43706 | .89043 || .45260 | 89167 || .46810 | .88363 || .48354 | .87532 | 5 
-43733 | -89930 || .45205 | .80153 || .46844 | .88349 || .48370 | 87518 | 4 
43759 | .80918 || .45321 | .80140 || .46870 | .88336 -48405 | .87504 3 
43785 | .80005 || .45347 | .80127 46896 | .88322 || .48430 | 87400 a 
43811 | .80802 |! .45373 | -89114 || .46921 -88308 || .48456 | .87476 I 
-43837 | .80870 || .45309 | .89101 -46947 | .88205 || .48481 | .87462 ° 
Cosine | Sine || Coste | Sine || Cosine Sinz | Cosine |! SINE 
64° 63° 62° 61° 


~ 


872 SHOP TRIGONOMETRY 
29° 30° 31° 32° 
* | Sime | Cosmve|| Sme | Cosive|| Suve | Cosrne || Sine | Cosing 
me 
o | .48481 | .87462 || .50000 | .86603 || 51504 | .85717.|| 52002 | .84805 
1 | .48506 | .87448 || .50025 | .86588 || .51520 85702 || .53017 | .84789 
2 | .48532 | 87434 || -sooso | 86573 || 51554 | .85687 || .53041 | 84774 
3 | -48557 | -87420 || .50076 86559 || -51579 | -85672 || .53006 | .84750 
4 | -48583 | 87406 || .5oror 86544 || -51604 | .85657 || .53000 | .84743 
5 | .48608 | .87301 || -50126 -86530 || .51628 | .85642 |} .53115 | -84728 
6 | .48634 | 87377 || -sorsr | 86515 || -51653 85627 || .53140 | .84712 
+ | .48650 | .87363 || .50176 | .86sox || .51678 85612 || .53164 | .84697 
8 | .48684 | .87349 || 50201 | -86486 || 51703 85507 || -53189 | .84681 
9 | -48710 | .87335 || 50227 | 86471 «51728 | .85582 || .53214 | .84666 
zo | .48735 | 87321 || 50252 | 86457 || -51753 85567 || .53238 | .84650 
x1 | .48761 | .87306 || .50277 | -86442 || 51778 | .85552 || 53263 | 84635 
12 | .48786 | .87202 || .50302 | 86427 || .51803 | .85536 || 53288 | .84610 
13 | -48811 | .87278 || .50327 -86413 || -51828 | .8552r |} .53312 | 84604 
14 | .48837 | .87264 || -50352 | -86308 -51852 | .85506 || .53337 | .84588 
1s | -48862 | .87250 || .50377 86384 || .51877 | 85401 || -53361 | .84573 
16 | .48888 | 87235 || .50403 | -86360 || -5St902 | .85476 || .53386 | .84557 
x7 | .48913 | 87221 || .50428 | -86354 || 51927 85461 || -5341n | .84542 
18 | .48938 | 87207 || .50453 | -86340 || -51952 | -85446 || -53435 | .84526 
19 | -48964 | .87103 || -50478 | -86325 || -51977 | -85431 || 53460 | 84511 
20 | .48089 | .87178 || -50503 | -86310 || .52002 85416 || .53484 | .84405 
2t | .49014 | 87164 || 50528 | -86295 || .52026 | .8540r || .53500 | .84480 
22 | .49040 | 87150 || .50553 | -8628r || .5s2051 | .85385 || -53534 | 84464 
23 | .49065 | .87136 |} .50578 | .86266 || .52076 -85370 || 53558 | 84448 
24 | .49090 | 87121 |} .50603 | -86251 || 52101 -85355 || -53583 | -84433 
25 | .49116 | .87107 || .50628 | .86237 || 52126 85340 || -53607 | 84417 
26 | .4914t | 87093 || .50654 | 86222 || .5215r | -85325 || -53032 | 84402 
27 | .49166 | .87079 || .50679 | -86207 || .52175.| -85310 || .53056 | .84386 
28 | .49192 | -87064 || .50704 | .86102 || .52200 | .85204 || .5368r | .84370 
29 | .49217 | .87050 || .50720 .86178 || .52225 | .85270 || -53705. | .84355 
30 | -49242 | .87036 || .50754 | -86163 || «52250 85264 || .53730 | 843390 
31 | .49268 | 87021 || .50779 | -86148 || .52275 852409 || .53754 | 84324 
32 | .49293 | .87007 .50804 | .86133 || -52200 -85234 || -53779 | .84308 
33 | -49318 | .86903 || .50829 | -86r119 || .52324 85218 || .53804 | .842092 
34 | -40344 | .86078 || -50854 | -86104 || 52349 | .85203 || .53828 | 84277 
35 | -40360 | -86064 || .50879 86089 || .52374 | 85188 || -53853 | .8426r 
36 | .49304 | .86049 || .50004 | -86074 |} -52300 | -85173 || -53877 | .84245 
37 | -40419 | .86035 || -50020 | -86059 || .52423 | -85157 || -53902 | .84230 
38 | .49445 | 86921 || .50954 | -86045 -52448 | .85142 || .53026 | 84214 
30 | .49470 | -86906 |} .50979 | -86030 || .52473 85127 || .5305z | -84108 
4o | .40405 | .86892 || .5r004 | .86075 || .52408 85112 || .53075 | .84182 
4t | .49521 | .86878 || .51029 | -86000 ||| .52522 85096 || .54o000 | .84167 
42 | .49546 | .86863 || .51054 | -85085 || -52547 85081 || 54024 | .84151 
43 | -49571 | 86849 || .51079 | 85970 || .52572 | -85066 || .54049 | .84135 
44. | .49596 | .86834 || -51104 | -85956 || -52507 85051 || .54073 | 84120 
45 | -49622 | 86820 || .51129 | -8504x || .52621 85035 || -54007 | 84104 
46 | .40647 | .86805 || .51154 | -85026 |} .52646 | .85020 || 54122 84088 
47 | .49672 | .8679r |] 51179 | -850r1z |] 52671 85005 || .54146 | 84072 
48 | .49697 | 86777 || 51204 | .85806 || .52606 84980. || 54171 | -84057 
49 | -40723 | 86762 .§1229 | -85881 || .52720 84074 || 54105 | .84o4t 
50 | .40748 | 86748 || .51254 | .85866 || .52745 84050 || -54220 | .84025 
51 | -40773 | 86733 || -51279 | -85852 || .52770 | -84043 || -54244 | .84000 
52 | .40708 | .86710 |} .51304 | -85836 || -52704 84928 || 54269 | -83004 
53 | .49824 | .86704 || .51320 | .8582z || .52810 84013 || 54293 | .83078 
54 | -40849 | .86690 || .51354 | -85806 || .52844 84807 || -54317 | -83062 
55 | -40874 | .86675 || 51379 | .85702 || -52869 | .84882 || .54342 | .83046 
56 | .49800 | .8666r || .51404 | .85777 || .52803 84866 || .54366 | .83030 
57 | .49924 | 86646 |} .51420 | .85762 152018 | 84851 || -S430r | .83015 
58 | .49050 | .86632 |] .5x454 | .85747 || -52043 | -84836 || 54445 | .83800 
59 | .40075 | 86617 |] «51470 | .85732 || -52067 | .84820 || .5444o | .83883 
60 | .50000 | .86603 || -51504 | .85717 || -52002 84805 | -54464 | .83867 
’ | Cos S) Cosme! Srve || Cosine! Sine || Cosine! SINE 
60° 59° 8° 57° 


en 
a eS tn Chay 00 


SINES 
33° . 34 35° 36° 
’ | Sine | Cosine || Sinz | Costve|} Sine | Cosine || Sine. | Cosine 
© | -54464 | .83867 || .55919 | .82004 || .57358 | -81015 || .58779 | 80902 
I | .54488 | .83851 || .55943 82887 || .57381 81899 || .58802 80885 
2 | -54513 |, .83835 || .55068 82871 || .57405 81882 |} .58826 80867 
3 | -54537 | -83819 || 55002 | .82855 || .57420 | .81865 || .58849 | .80850 
4 | -5456r | .83804 || .56016 82839 || .57453 81848 || .58873 80833 
5 | -54586 | .83788 || .56040 82822 || 57477 81832 ||-.58806 | .80816 
6 | .§4610 | .83772 || .56064 82806 || .5750r 81815 || .58920 807909 
7 | -54635 | -83756 || .56088 82790 || .57524 81798 || .58043 80782 
8 | .54659 | .83740 || .56r12 82773 || 57548 | .81782 || .58067 80765 
9 | -54683 | .83724 || .56136 | .82757 || .57572 | .81765 || .58000 | 80748 
TO | .54708 | .83708 || .56160 82741 || .57506 81748 || .59014 | .80730 
Il | .54732 83602 || .56184 82724 || .57610 81731 || .59037 | 80713 
12 | -547560 | .83676 || .56208 82708 || .57643 81714 || .50061r | .80606 
13 | .54781 | .83660 || .56232 82692 || .57667 81698 || .59084 | .80679 
14 | -54805 | .83645 || .56256 82675 || .5760r 81681 || 59108 | .80662 
15 | .54820 | .83629 || .56280 82650 || .57715 81664 || .59131 | 80644 
16 | .54854 | .83613 || .56305 82643 || .57738 81647 || -50154 | 80627 
17 | -54878 | .83507 || .56320 82626 || .57762 81631 || .50178 | .80610 
18 | .54902 | .83581 |! .56353 82610 || .57786 81614 || .s920r 80503 
19 | .54027 | .83565 || 56377 | .82503 |] .57810 | .81507 || .50225 | .80576 
20} .54951 | .835490 || .56401 | .82577 || .57833 81580 || .59248 80558 
21 | -54975 | 83533 || .56425 | 8256r || .57857 | .81563 || .so272 | Bos5q4r 
22 | .54999 | .83517 || 56449 | .82544 || .57881 | .81546 || .50205 | 80524 
23 | -55024 | .83501 || .56473 | .82528 || .57904 | .81530 || .50318 | .80507 
24 | .55048 | .83485 || 56497 | 82511 || .57928 | .81513 || 50342 | 80489 
25 | -55072 | 83460 || .56521 | .82405 || .57952 | -81496 || .50365 | 80472 
26 | -55007 | -83453 || 56545 | .82478 || .57076 | .81470 || .50380 | .80455 
27 | .55121 | .83437 || .56500 82462 || .57000 81462 || .59412 80428 
28 | -55145 | .83421 || .56503 | .82446 || .58023 | .81445 |] .50436 | .80420 
29 | .55160 | .83405 || .56617 82429 || .58047 81428 || .50450 80403 
39 | -551904 | .83380 || .5664r 82413 || 58070 | 81412 || .50482 80386 
3t | -55218 | .83373 || .56665 | .82396 || .58094 | .81305 || «59506 | .80368 
32 | -55242 | .83356 || .56689 | .823 0 || .58118 81378 || .50520 80351 
33 | -55266 || .83340 || .56713 | .82363 || .58141 81361 || .50552 80334 
34 | -55201 | .83324 || .56736 | .82347 || .58165 | 81344 || 59576 | .80316 
35 | -55315 | -83308 || .56760 | .82330 || 58189 | .81327 || 50500 | .80200 
36 | .55330 | -83202 | 56784 82314 || .58212 81310 || .59622 80282 
37 | -55303 || 83276 f} .56808 82297 || .58236 81293 || .59646 80264 
38 | 55388 | .83260 || .56832 82281 || .58260 | 81276 || .59669 | .80247 
39 | -55412 | .83244 || .56856 82264 || .58283 81250 || .50603 80230 
40 | .55436 | .83228 || .56880 82248 || .58307 81242 || 50716 | 80212 
4t | .55460 | .83212 || .56904 82231 || .58330 82225 || .50730 80105 
42 | .55484 | .83105 || .56928 | .82214 || .58354 | 81208 || .50763 | .80178 
43 | -55509 | .83179 || .56952 82198 || .58378 81101 || .59786 80160 
44 | -55533 | -83163 || 56076 | .8218r || .s84or 81174 || -59809 | .80143 
45 | -55557 | .83147 || .57000 || .82165 || .58425 | .81157 || .59832 | .80125 
46 | -5558r | .83131 |} .57024 | 82148 || .58449 | .81r40 |] .50856 | .80108 
47 | -55605 | .83115 || .57047 82132 || .58472 81123 || .59879 | .8000r 
48° | .55630 | .83008 || .57071 82115 || .58496 | .81106 || .59002 | .80073 
49 | -55654 | .83082 || .57005 | .82008 || .58519 | -81089 || .59926 | .80056 
50 | .55078 | .83066 || .57119 | .82082 || .58543 | .81072 || .so949 | .80038 
51 | .55702 | .83050 || .57143 | .82065 || .58567 | .81055 || .soo72 | .8002T 
52 | 55726 | 83034 || 57167 | .82048 || .58590 | .81038 || .so905 | .80003 
53 | 55750 | .83017 || .57101 82032 || .58614 | .8102r || .Goo19 79986 
54 | -55775 | -83001 || .57215 82015 || .58637 81004 || .60042 79968 
55 | -55790 | .82985 || .57238 | .81009 |} .58661 | .80087 || .60065 70051 
56 | -55823 | .82069'"|| .57262 | .81082 |} .58684 | .80970 || .60089 | .79934 
57 | -55847 | .82053 || .57286 81965 || .58708 | .80953 || .Gorr2 79016 
58 | .55871 | .82936 || .57310 | 81940 || -5873t | .80936 || .60135 | .70800 
59 | -55805 | .82020 || .57334 | -81032 || -58755 | -80019 |] .60r58 70881 
50) -559T9 | .82904 || .57358 | -S10r5 || .58779 | 80902 || .60182 | .79864 
‘ | Cosine | Sine ||Cosme| Srve ||Costne! Sine || Cosine | Sine 
56° 55° 54° 53° 


On PWAUN AY OO 


874 SHOP TRIGONOMETRY 
37° 38° 39° 40° 

’ | Srvz | Costne|} Sine | Cosive|} Sine | Cosine || Sing | Cosine | ’ 

© | .60182 | .79864 || .61566 | .788or -62932 | -77715 -64279 | .76604 | 60 

1 | 60205 | .79846 |} .61580 | .78783 || -62055 | -77606 || .64301 | .76586 | 50 

2 | .60228 | .yo82o || .61612 | .78765 || 62077 | -77678 || .64323 | .76567 | 58 
3 | 60251 | -79811 || 61635 | -78747 || 63000 | .77660 || .64346 | .76548 | 57 
4 | 60274 | -70793 || -61658 | .78729 || .63022 | .77641 || -64368 | .76530 | 56 
5 | 60208 | .79776 || 61681 | .78711 || .63045 | .77623 || 64300 | .76511 | 55 
6 | 60321 | .79758 || .61704 | .78604 || .63068 | .77605 || .64412 | .76492 | 54 
7 | 60344 | .79741 || 61726 | .78676 || .63000 | .77586 || .64435 | 76473 | 53 
8 | 60367 | .70723 || -61749 | -78658 || .63113 | -77568 || .64457 | .76455 | 52 
9 | 60390 | -79706 || -61772 | 78640 |} .63135 | -7755° || -64479 | .76436 | 51 
10 | 60414 | .79688 || .61705 | .78622 || .63158 | -77531 || 64504 | .76417 | 50 
tt | .60437 | -70671 || .61818 | .78604 || .63180 | .77513 || .64524 | 76308 | 40 
12 | .60460 | .79653 || .61841 | .78586 || .63203 | -77494 || .64546 | 76380 | 48 
13 | .60483 | -79635 |] .61864 | .78568 || .63225 | °77476 || .64568 | .76361 | 47 
14 | .60506 | .79618 || .61887 | .78550 || .63248 | -77458 || .64500 | -76342 | 46 
15 | .60529 | .79600 |} .619009 | -78532 || .6327x | -774390 || 64612 | -76323 | 45 | 
16 | .60553 | -79583 || 61032 | -78514 || .63203 | -77421 || .64635 | -76304 | 44 
17 | .60576 | .79565 || .61955 | -78406 || .63316 | -77402 || .64657 | .76286 | 43 
18 | .60590 | -70547 || -61978 | -78478 || .63338 | -77384 || -64670 | .76267 | 42 
19 | 60622 | .79530 || 62001 | -78460 |} .63361 | .77366 || .6470r | .76248 | 41 
20 | .60645 | .79512 || 62024 | .78442 || .63383 | -77347 || -64723 | -762290 | 40 | 
at | .60668 | .794094 || 62046 | .78424 || -63406 | -77320 || -64746 | .76210 | 39 | 
22 | .60691 | .79477 || -62060 | -78405 |} -63428 | .77310 || 64768 | .76192 | 38 
23 | 60714 | .79450 || -62002 | .78387 || .63451 | -77202 || -64700 | .76173 | 37 
24 | .60738 | -79441 || 62115 | -78360 || -63473 | -77273 || 64812 | -76154 | 36 
25 | 60761 | .79424 || 62138 | -78351 || 63406 | -77255 || .64834 | -76135 | 35 
26 | 60784 | .79406 || .62160 | .78333 || 63518 | .77236 || .64856 | .76116 | 34 
27 | .60807 | .79388 || .62183 | -78315 || -63540 | -77218 || .64878 | .76007 | 33 
28 | .60830 | .79371 || 62206 | .78207 || 63503 | -77190 || 64901 | .76078 | 32 
29 | .60853 | -70353 || 62220 | -78270 || .63585 | -7718r || -64023 | -76050 | 31 


30 | -60876 | .70335 || -62251 | .78261 || .63608 | -77162 || .64045 | -76041 | 30 


31 | .60800 | -79318 || .62274 | -78243 || .63630 | -77144 || 64067 | .76022 | 20 
32 | .60922 | .79300 || .62297 | .78225 || .63653 | -77125 || .64980 | -76003 | 28 
33 | .60045 | -79282 |] .62320 | .78206 || .63675 | -77107 || .65orr | .75084 | 27 
34 | .60068 | .70264 || .62342 | .78188 |] .63608 | .77088 |] .65033 | .75065 | 26 
35 | .60091 | .79247 || .62365 | -78170 || .63720 | -77070 || .65055 | .75046 | 25 
36 | 61015 | .79229 || .62388 | -78152 || 63742 | -77051 || 65077 | .75027 | 24 
37 | 61038 | .79211 || 62411 | -78134 || -63765 | -77033 || -65100 | .75908 | 23 
38 | .6106r | .79193 || .62433 | «78116 || .63787 | -77014 || .65122 | .75889 | 22 
30 | .61084 | .79176 || .62456 | .78008 || .63810 | «76006 || .65144 | -75870 | 2 
40 | 61107 | .79158 || .62479 | -78079 || 63832 | -76977 || -65106 | .75851 | 20 


4t | 61130 | .79140 || 62502 | .7806r || .63854 | -76059 || .65188 | .75832 | 19 
42 | .61153 | -70122 || .62524 | -78043 || 63877 | -76040 || -65210 | .75813 | 18 
43 | -61176 | .79105 |] .62547 | -78025 || .63800 | -76921 || .65232 | -75704 | I7 
44 | .6r199 | .79087 || .62570 | -78007 || .63922 | -76003 || .65254 | -75775 | 16 
45 | 61222 | .79069 || .62502 | -77088 || 63044 | -76884 || .65276 | -75756 | 15 
46 | .61245 | .7o051 || .62615 | .77070 || .63906 | .76866 || .65208 | .75738 | 14 
47 | 61268 | .79033 || .62638 | .77052 || .63080 | -76847 || .65320 | -75710 | 13 
48 | .61291 | *70016 || .62660 | -77034 || 64011 | -76828 || .65342 | -75700 | 12 
49 | .61314 | .780908 || .62683 | -77016 || .64033 | -76810 || .65364 | .75680 | Ir 
50 | .61337 | -78980 || .62706 | .77807 || .64056 | .76791 || .65386 | .7566r | 10 


51 | 61360 | .78062 || .62728 | .77879 || .64078 | .76772 || 65408 | .75642 
52 | .61383 | .78044 || .62751 | -77861 || 64100 | -76754 || .65430 | -75623 
53 | 61406 | .78026 || .62774 | .77843 || 64123 | -76735 || .65452 | -75604 
54 | 61420 | .78008 || .62796 | -77824 || .64145 | -76717 || 65474 | -75585 
55 | .61451 | .7880r || .62819 | .77806 || .64167 | -76608 || .65406 | .75566 
56 | .61474 | .78873 || .62842 | .77788 |] .64190 | :76670 |)..65518 | -75547 
57 | 61497 | -78855 || .62864 | -77760 || .64212 | .76661 || .65540 275528 
58 | .61520 | .78837 || .62887 | .7775z || .64234 | -76642 |) .65562.| .75500 
59 | .61543 | .78810 || .629009 | -77733 || 64250 | .76623 || 65584 | .75490 
60 | 61566 | .788or || .62932 | -77715 || .64270 a4 | -65606 | .75471 


Le ae 


~ 


lise 
’ | Cosine! Sine || Cosine | Sune || Cosine | Sine || Cosine | SINE 


52° 51° 50° 49° 


SINES 875 
41° fo? aR 43° 44° 

’ | Sinz | Cosine|| Srveé | Cosine|| Stvz | Cosine |] Sine | Cosive | 7% 
© | .65606 | .75471 || .66013 74314 || .68200 | .73135 |} -69406 | .71934 | 60 
I | .65628 | .75452 || -66935 74205 || 08221 | .73116 || .60487 | .71914 | 50 
2 | 65650 | .75433 || 66056 | .74276 || .68242 | .73096 || .69508 | .71894 | 58 
3 | 65672 | .75414 || 60978 | .74256 || 68264 | .73076 || .69520 | .71873 | 57 
4 | -65604 | .75305 |) 66009 | -74227 || 68285 | -73056 |} .69540 | -.71853 | 56 
5 | .65716 | .75375 || 67021 | .74217 || »68306 | «73036 || .60570 | .71833 | 55 
6 | .65738 | .75356 || .67043 74108 || .68327| «73016 || 69501 | 71813 | 54 
7 | .65759 | -75337 || 67064 | -74178 || -68349 | -72006 || .69612 | .71792 | 53 
8 | .65781 | .75318 || .67086 74159 || 68370 | .72976 || .69633 | .71772 | 52 
9 | -65803 | -75200 || 67107 | -74139 || 68391 | «72057 || .60654 | -71752 | 51 
Io | .65825 | .75280 || .67120 | *74120 || .68412 | .72937 || .69675 | .71732 | 50 
rr | .65847 | .75261 || .67151 74100 || .68434 | -72017 || .69606 | .v171r | 40 
12 | .65809 | .75241 || .67172 74080 || .68455 | -72807 || .69717 | .71691 | 48 
13 | 65801 | .75222 || .67104 74061 || .68476 |. .72877 || 60737 | .71671 | 47 
14 | .65013 | .75203 || .67215 74041 || .68497 | .72857 || .69758 | .71650 | 46 
15 | .65035 | .75184 || .67237 74022 || .68518 | .72837 || .60779 | -71630 | 45 
16 | .65956 | .75165 || .67258 74002 || .68539 | .72817 || .69800 | .71610 | 44 
17 | .65978 | «75146 || .67280 73983 || 68561 | -72707 || -69821 | .71590 | 43 
18 | 66000 | .75126 || .67301 73903 |) 68582 | .72777 || 60842 | .71569 | 42 
19 | 66022 | .75107 || .67323 73044 || 68603 | .72757 || .69862 | .71549 | 41 
20 | .66044 | .75088 || .67344 73924 || .68624 | .72737 |] 69883 | .71529 | 40 
2t | .66066 | .75069 || .67366 73004 || .68645 | .72717 || 69904 | .71508 | 3¢ 
22 | .66088 } .75050 || .67387 73885 || 08606 | .72697 || .60925 | .71488 | 38 
23 | -66109 | .75030 || -67400 73865 || .68688 | .72677 || .69946 | .71468 | 37 
24 | .66131 | 75011 || .67430 73840 || .68700 | -72657 || .69966 | .71447 | 36 
25 | 66153 | -74902 || .67452 | .73826 || .68730 | .72637 || .69087 | .71427 | 35 
20 | .66175 | .74973 || -67473 73806 || .68751 | .72617 || .70008 | .71407 | 34 
27 | .66107 | -74953 || -67405 | -73787 || .68772 | .72507 |] -70020 | -71386 | 33 
28 | .66218 | .74934 || .67516 | .73767 || .68793 | .72577 || .70040 | .71366 | 32 
29 | .66240 | .749%5 || -67538 | -73747 || 68814 | .72557 || «70070 | .71345 | 31 
30 | .66262 | .74806 || .67550 73728 || 68835 | -72537 || -7oo9r | .71325 | 30 
31 | .66284 | .74876 || .67580 73708 || .68857 | -72517 || .yorr2 | .71305 | 20 
32 | .66306 | .74857 ||).67602 | -73688 || .68878 | .72407 || .70132 | .71284 | 28 
33 | 66327 | .74838 || .67623 | -73660 || .68890 | .72477 || .7o153 | .71264 | 27 
34 | .66349 | .74818 || .67645 +73049 || 68920) | .72457 || -7o174. | .71243 | 26 
35 | -6637% | .74799 || 67666 | .73629 || 68041 | .72437 || -7oI05 | .71223 | 25 
36 | .66303 | -74780 || .67688 730610 || .68962 | .72417 || .70215 | .71203 | 24 
37 | .66414 | .74760 || .67700 73590 || .68083 | -72307 |] -70236 | .7r182 | 23 
38 | .66436 | .74741 || .67730 73570 || .69004 | .72377 || -70257 | .yx162 | 22 
39 | .66458 | .74722 || 67752 | -73551 || .69025 | .72357 || -70277 | .71141 | 21 
4° | .66480 | .74703 || .67773 | -73531 || .60046 | .72337 || -70298 | .71121 | 20 
41 | 66501 | .74683 || .67705 | .73511 || .69067 | .72317 || -703190 | .71100 | 19 
42 | .66523 | .74664 || .67816 73491 || .69088 | .72207 || -70339 | .71080 | 18 
43 | 66545 | .74644 || 67837 | -73472 || 69109 | -72277 || .70360 | .71059 | 17 
44 | .66500 | .74625 || .67850 73452 || 69130 | .72257 || 70381 | .71039 | 16 
45 | .66588 | .74606 || .67880 | .73432 || .Go151 | «72236 || .7ogor | «71019 | 15 
46 | .66610 | .74586 || .6790r | .73413 || -69172 | -72216 || -70422 | .70008 | 14 
47 | 60632 | .74567 || .67023 | -78303 || -69193 | -72106 || .70443 | -70078 | 13 
48 | 66653 | .74548 || 67044 | -73373 || 60214 | .72176 || -70463 | .70057 | 12 
49 | .66675 | .74528 || .67065 | .73353 || -60235 | «72156 || -70484 | .70937 | 11 
50 | .66607 | .74509 || .67087 73333 || 60256 | .72136 |] -70505 | .7o916 | 10 
51 | .66718 | .74489 || .68008 | .73314 || 60277 | -72116 || .70525 | .70806 9 
52 | .66740 | .74470 || .68029 | .73204 || .60208 | .72095 || «70546 | .70875 8 
53 | 66762 | .74451 || 68051 | .73274 || .60319 | -72075 || -70567 | .70855 | 7 
54 | 66783 | .74431 || 68072 | .73254 || .60340 | .72055 || 70587 | .70834 | 6 
55 | 66805 | .74412 || .68093 | .73234 || 60361 | +72035!|| .70608 | .70813 i 
56 | 66827 | .74302 || 68115 | .73215 || 69382 | .72015 || «70628 | .70793 4 
57 | 66848 | .74373 || 68136 | .73105 || 69403 | -71905 || -70649 | -70772 | 3 
58 | .66870 | .74353 || -68157 | .73175 || .60424 | -71074 || «70670 | .7o752 | 2 
59 | .6689x | .74334 || .68179 | .73155 || .60445 | -71054 || «70690 | .70731 I 
66913 | .74314 || .68200 73135 || 60466 | .71934 || -70711 | .7o711 ° 

’ | CostneE| Stve || Cosme! Sine || Cosine | Sine || Cosine! Sinz 4 

48° 47° 46° 45° 


co 
~ 
OV 


SY AQUbw SHO | . 


SEc. 


0° 
Co-sEc, 


SHOP TRIGONOMETRY 


Sec. | Co-sEc, 


eo ee on ee oe ee ee ee! 


1.000T 
1-000T 
1.0001 


1.0001 
I.O0OOI 
1.000I 
I,0001 
I.000L 
1.000 
1.0001 
I.000L 
1.0001 
1.0001 


1.0001 
I.000I 
I.OOOI 
1.0001 
I.000T 
I.OOor 
I.000I 
I.OO0OT 
I.0001 
1.0001 


Co-sEc. 


Infinite. 
3437-70 
1718.90 
1145.90 
850.44 
687.55 
572-90 
4Q1-IL 
429.72 
381.07 
343-77 
312.52 
286.48 
204.44 


229013 
214.86 
202.22 
190.99 
180.73 
171.89 
163-70 
156.26 
149-47 
143-24 
137-51 
132.22 
127.32 
122.78 
118.54 
114.50 
110.90 
107.43 
104.17 
IOL.II 
95-223 
95-405 
92.014 
92.460 
88.149 
85.946 
83.849 
81.853 
79.050 
78.133 
76.300 
74-736 
73-146 
71.622 
71.160 
68.757 
67.409 
66.113 
64.866 
63.664 
62.507 
61.391 
62.314 
59.274 
58.270 
57-299 


SEc. 
eo] 


245-55 


I.0001 | 57-200 
1.0001 | 56.3590 
1.0002 | 55.450 
1.0002 | 54.570 
1.0002 | 53-718 
1.0002 | 52.891 
I.0002 | 52.090 
1.0002 | 51.313 
1.0002 | 50.558 
I.0002 | 49.826 
1.0002 | 49-114 


1.0002 | 48.422 
1.0002 | 47.750 
1.0002 | 47.0906 
1.0002 | 40.460 
1.0002 | 45.840 
1.0002 | 45.237 
1.0002 | 44.050 
1.0002 | 44.077 
1.0003 | 43.520 
1.0003 | 42.976 


1.0003 | 42.445 
1.0003 | 41.928 
I.0003 | 41.423 
1.0003 | 40.930 
1.0003 | 40.448 
1.0003 | 30.978 
1.0003 | 39-518 
1.0003 | 39.069 
1.0003 | 38.631 
1.0003 | 38.201 


1.0003 | 37-782 
1.0003 | 37-375 
1.0004 | 36.960 
1.0004 | 36.576 
1.0004 | 36,191 
1.0004 | 35-814 
1.0004 | 35.445 
1.0004 | 35.084 
1.0004 | 34-720 
1.0004 | 34.382 


1.0004 | 34.042 
1.0004 | 33-708 
1.0004 | 33-381 
1.0004 | 33.060 
1.0005 | 32-745 
1.0005 | 32.437 
1.0005 | 32.134 
1.0005 | 31.836 
1.0005 | 31-544 
I.0005 | 31.257 


1.0005 | 30.976 
1.0005 | 30.699 
I.0005 | 30.428 
1.0005 | 30.161 
1.0005 | 29.899 
1.0006 | 29.641 
1.0006 | 29.388 
1.0006 | 209.1390 
1.0006 | 28.804 
1.0006 | 28.654 


3° 


Src. | Co-sEc. 


1.0014 | 19.107 
I.0014 | 19.002 
1.0014 | 18.897 
1.0014 | 18.794 
1.0014 | 18.692 
1.0014 | 18.501 
I.0015 | 18.491 
I.0015 | 18.303 
I.0015 | 18.295 
I.0015 | 18.198 
I,0015 | 18.103 


1.0015 | 18.008 
1.0016 | 17.914 
1.0016 | 17.821 
I.0016 } 17.730 
1.0016 | 17.639 
1.0016 | 17.549 
1.0016 | 17.460 
1.0017 | 17.372 
1.0017 | 17.285 
1.0017 | 17.198 


I.0017 | 17-113 
1.0017 | 17.028 
r.co17 | 10.944 
1.0018 | 16.3861 
r.co18 | 16.770 
1.0018 | 16.698 
1.0018 | 16.617 
1.0018 | 16.538 
1.0018 | 16.459 
T,0oo19 | 16.380 


I.o019 | 16.303 
1.0019 | 16.226 
I-0019 | 16.150 
I.0o1g | 16,075 
I.0019 | 16.000 
1.0020 | 15.926 
1.0020 | 15.853 
1.0020 | 15.780 
1.0020 | 15.708 
I.0020 | 15.637 


I.oo2r | 15.566 
I.002r | 15.496 
1.0021 | 15.427 
I.0021 | 15.358 
I.002I | 15.290 
T.0022 | 15.222 
1.0022 | 15.155 
1.0022 | 15.089 
1.0022 | 15.023 
1.0022 | 14.9058 


1.0023 | 14:893 
1.0023 | 14.820 
1.0023 | 14.765 
1.0023 | 14.702 
1.0023 | 14.640 
1.0024 | ‘14.578 
1.0024 | 14.517 
1.0024 | 14.456 
1.0024 | 14.305 
1.0024 | 14.335 


Co-sEec.| SEC. 


88° 


Co-sec.| Sec. 
86° 


ea oy a 


i OW ee a le oe rt 0 Ae Ser re >, ES PS Bh Py Pe Pad Lal 
HOC MN OMAR WH H OO OTAURWNH OO HIAUAUHH OO OY OANA HHO | s 


7 
8 
9 
fo} 
I 
2 
3 
4 
5 
6 
7 
8 
9 
° 
2 


7°. 


Src. | Co-sEc. 


1.0075 | 8.2055 
1.0075 | 8.1861 
1.0076 | 8.1668 
1.0076 | 8.1476 


1.0076} 81285 


1.0077 | 8.1094 
1.0077 | 8.0905 
1.0078 | 8.0717 
1.0078 | 8.0520 
1.0078 | 8.0342 
1.0079 | 8.0156 


1.0079 | 7.9971 
1.0079 | 7.9787 
1.0080 | 7.9604 
1.0080 | 7.9421 
1.0080 | 7.9240 
1.0081 | 7.9959 
1.0081 | 7.8879 
1.0082 | 7.8700 
1.0082 | 7.8522 
1.0082 | 7.8344 


1.0083 | 7.8168 
1.0083 | 7-7992 
1.0084 | 7.7817 
1,0084 | 7.7642 
1.0084 | 7.7460 
1.0085 | 7-7296 
1.0085 | 7.7124 


1.0085 | 7.6953 | 


1.0086 | 7.6783 
1.0086 | 7.6613 


1.0087 | 7.6444 
1.0087 | 7.6276 
1.0087 | 7.6108 
1.0088 | 7.5942 
1.0088 | 7.5776 
1.0089 | 7.5611 
1.0089 | 7.5446 
1.0089 | 7.5282 
I.0090 | 7.5110 
T0090 | 7.4057 


1.0090 | 7-4705 
1.00901 | 7.4634 
I.0091 | 7.4474 
1.0092 | 7.4315 
1.0092 | 7.4156 
1.0092 | 7.3008 
1.0093 | 7.3840 
1.0093 | 7.3683 
1.0094 | 7-3527 
1.0094 | 7.3372 


1.0094 | 7.3217 
1.0095 | 7-3063 
1.0095 | 7.2909 
1.0096 | 7.2757 
1.0096 | 7.2604 
1.0097 | 7.2453 
1.0097 | 7-2302 
1.0007 | 7.2152 
1.0098 | 7.2002 
1.0008 | 7.1853 


SECANTS 
~ 52 6° 
Src. | Co-sEc. Sec. | Co-sEc 
1.0038 | 11.474 1.0055 | 9.5668 
1.0038 | 11.436 1.0055 | 9.5404 
1.0039 | 11.308 1.0056 | 9.5141 
I.0039 | 11.360 1.0056 | 9.4880 
1.0039 | 11.323 1.0056 | 9.4626 
1.0039 | 11.286 1.0057 | 9.4362 
1.0040 | 11.249 1.0057] 9.4105 
1.0040 | 11.213 1.0057 | 9.3850 
I.0040 | 11.176 1.0057 | 9.3590 
I.0040 | I1.140 T.0058 | 9.3343 
1.0041 | 11.104 1.0058 | 9.3092 
I.004I | 11.069 1.0058 | 9.2842 
I.0o4t | 11.033 1.0059 || 9.2503 
1.0041 | 10.988 1.0059 | 9.2346 
1.0042 | 10.063 1.0059 | 9.2100 
1.0042 | 10.920 I.0060 | 9.1855 
1.0042 | 10.804 I.0060 | 9.1612 
1.0043 | 10.860 1.0060 | 9.1370 
1.0043 | 10.826 I.0061 | 9.1129 
1.0043 | 10.792 1.0061 | 9.0890 
1.0043 | 10.758 T.0061 | 9.0651 
1.0044 | 10.725 1.0062 | 9.0414 
1.0044 | 10.692 I 0062 | 9.0179 
1.0044 | 10.659 1.0062 | 8.9044 
1.0044 | 10.626 1.0063 | 8.9711 
T.0045 | 10.593 1.0063 || 8.9470 
1.0045 | 10.561 1.0063 | 8.9248 
1.0045 | 10.529 1.0064 | 8.9018 
1.0046 | 10.407 1.0064 | 8.8790 
1.0046 | 10.465 1.0064 | 8.8563 
1.0046 | 10.433 1.0065 | 8.8337 
1.0046 | 10.402 1.0065 | 8.8112 
1.0047 | 10.371 1.0065 | 8.7888 
1.0047 | 10.340 1.0066 | 8.7665 
1.0047 | 10.309 1.0066 | 8.7444 
1.0048 | 10.278 1.0066 | 8.7223 
1.0048 | 10.248 1.0067 | 8.7004 
1.0048 | 10.217 1.0067 | 8.6786 
1.0048 | 10.187 1.0067 | 8.6560 
1.0049 | 10.157 1.0068 | 8.6353 
1.0049 | 10.127 1.0068 | 8.6138 
1.0049 | 10.008 1.0068 | 8.5924 
1.0050 | 10.068 r.0069 | 8.5711 
1.0050 | 10.030 1.0069 | 8.5400 
I.0050 | I0.010 1.0069 | 8.5280 
1.0050 9.9812 |] 1.0070 | 8.5070 
1.0051 9-9525 || 1.0070 | 8.4871 
I.005I 9.9230 || 1.0070 | 8.4663 
1.0051 9-8955 || 1.0071 | 8.4457 
T.0052 9.8672 || 1.0071 | 8.4251 
I.0052 9.8302 || 1.0071 | 8.4046 
I.0052 9.8112 || 1.0072 | 8.3843 
1.0053 90-7834 || 1.0072 | 8.3640 
1.0053 | 9.7558 || 1.0073 | 8.3430 
1.0053 9-7283 || 1.0073 | 8.3238 
1.0053 9.7010 || 1.0073 | 8.3039 
T.0054 9-6730 || 1.0074 | 8.2840 
1.0054 9.6469 || 1.0074 | 8.2642 
1.0054 9-6200 || 1.0074 | 8.2446 
1.0055 9-5933 || 1.0075 | 8.2250 
I.0055 9.5668 || 1.0075 | 8.2055 
Co-sEc, Sec. |/Co-szc.! Src. 
84° ©) 


Co-sEc.! Src. 


82° 


=| OH dWAN OW WO 


SHOP TRIGONOMETRY 


8 9° 10° 
if src. | Co-src.|} Sec. | Co-snc.|| Src. | Co-sEc. 
© | 1.0098 | 7.1853 |] 1.0125 | 6.3024 || 1.0154 5.7588 
1 | 1.0090 | 7.1704 || 1.0125 | 6.3807 |] 1.0155 | 5.7493 
2 | 1.0099 | 7-1557 || 1.0125 | 6.3690 |} 1.0155 5-7308 
3 | 1.0099 | 7-1400 |] 1.0120 | 6.3574 1.0156 | 5-7304 
4 | 1.0100 | 7.1263 |] 1.0126 | 6.3458 || 1.0156 | 5.7210 
5 | 1.0100 | 7.1127 |] 1.0127 | 6.3343 || 1.0157 | 5-7117 
6 | roro1 | 7.0972 || 1.0127 | 6.3228 || 1.0157 | 5-7023 
7 | r.0101 | 7.0827 || 1.0128 | 6.3113 || 1.0158 5.6930 
8 | z.0102 | 7.0683 || 1.0128 | 6.2090 || 1.0158 5.6838 
9 | 1.0102 | 7.0539 || 1.0129 | 6.2885 || 1.01590 5.0745 
1o | 1.0102 | 7.0306 || 1.0129 | 6.2772 || 1.0150 5.6653 
11 | r.0r03 | 7.0254 || 1.0130 | 6.2659 || 1.0160 5.6561 
12 | z.0or03 | 7.0112 || 1.0130 | 6.2546 || 1.0160 5.0470 
13 | r.0o104 | 6.9071 || 1.0132 | 6.2434 || 1.0161 5.6370 
14 | z.0104 | 6.9830 || 1.0131 | 6.2322 |} 1.0162 5.6288 
15 | 1.0104 | 6.9690 || 1.0132 ) 6.2211 || 1.0162 5.0107 
16 | ro105 | 6.0550 || 1.0132 | 6.2100 || 1.0163 5.6107 
17 | r.0105 | 6.9411 |} 1.0133 | 6.1000 || 1.0163 5.6017 
18 | r.o106 | 6.9273 || 1.0133 | 6.1880 || 1.0164 5.5928 
i9 | r.or106 | 6.9135 || 1.0134 | 6.1770 |] 1.0164 5-5838 
20 | 1.0107 | 6.89098 || 1.0134 | 6.1661 1.0165 | 5.5749 
21 | r.o107 | 6.8861 || 1.0135 | 6.1552 || 1.0165 5.5660 
22 | 1.0107 | 6.8725 || 1.0135 | 6.1443 || 1.0166 | 5.5572 
23 | r.0108 | 6.8589 || 1.0136 | 6.1335 || 1.0166 55484 
24 | r.0108 | 6.8454 || 1.0136 | 6.1227 || 1.0167 5-5390 
25 | x.o109 | 6.8320 || 1.0136 | 6.1120 |} 1.0167 5.5308 
26 | 1.0100 | 6.8185 || 1.0137 | 6.1013 |} 1.0168 | 5.5221 
27 | r.0110 | 6.8052 || 1.0137 | 6.0006 |} 1.0169 | 5-5134 
28 | r.or10 | 6.7010 || 1.0138 | 6.0800 |} 1.0169 | 5-5047 
29 | rors | 6.7787 || 1.0138 | 6.0694 || 1.0170 5.4900 
30 | r.orrr | 6.7655 || 1.0139 | 6.0588 || 1.0170 5-4874 
31 | x.orrr | 6.7523 || 1.0139 | 6.0483 |} t.0171 5.4788 
32 | r.or1r2 | 6.7302 || 1.0140 | 6.0379 || 1.0171 | 5.4702 
23 | r.orr2 | 6.7262 || 1.0140 | 6.0274 || 1.0172 54017 
34 | 1.0113 | 6.7132 || 1.0141 | 6.0170 || 1.0172 | 5.4532 
35 | 1.0113 | 6.7003 || T.014x | 6.0006 || 1.0173 | 5-4447 
36 | r.0114 | 6.6874 || 1.0142 | 5.0063 || 1.0174 | 5.4302 
27 | 1.0114 | 6.6745 || 1.0142 | 5.9860 || 1.0174 5.4278 
38 | rors | 6.6617 || 1.0143 | 5.0758 || 1.0175 | 5-4104 
30 | 1.0115 | 6.6490 || 1.0143 | 5.0055 || 10175 | 5-4110 
40 | rorrs | 6.6363 || 1.0144 | 5.0554 || 1.0176 5.4026 
4 | 1.0116 | 6.6237 || 1.0144 | 5.0452 || 1.0176 | 5-3043 
42 | r.0r16 | 6.6r11 || 1.0145 | 5.0351 || 1.0177 | 5-3860 
43 | 1.0117 | 6.5085 || 1.0145 | 5.9250 || 1.0177 | 5:3777 
44 | 1.0117 | 6.5860 || 1.0146 | 5.0150 |] 1.0178 | 5-3005 
45 | 1.0118 | 6.5736 || 1.0146 | 5.0040 || 1.0179 | 5-3612 || 
40 | r.0118 | 6.5612 || 1.0147 | 5.8050 || 1.01790 | 5.3530 
47 | orto | 6.5488 || 1.0147 | 5.8850 || 1.0180 | 5 3449 
48 | ro1r9 | 6.5365 || 1.0148 | 5.8751 || 1.0180 | 5.3307 
49 | t.0r19 | 6.5243 || 1.0148 | 5.8652 || 1.0181 | 5.3286 
50 | r.0120 | 6.5121 || 1.0149 | 5.8554 || 1.018r | 5-3205 
51 | 1.0120 | 6.4099 || 1.0150 | 5.8456 || 1.0182 | 5.3124 
52 | xr.or2t | 6.4878 || 1.0150 | 5.8358"|| 1.0182 | 5.3044. 
53 | t.orar | 6.4757 || r.0rsx | 5.8261 || 1.0183 | 5.2063 || 
54 | 1.0122 | 6.4637 || r.01s1 | 5.8163 || 1.0184 | 5.2883 
55 | 1.0122 | 6.4517 || 1.0152 | 5.8067 || 1.0184 | 5.2803 
56 | 1.0123 | 6.4308 || 1.0152 | 5.7070 || 1.0185 | 5.2724 
57 | 1.0123 | 6.4279 || 1.0153 | 5.7874 || 1.0185 | 5.2045 
58 | x.0124 | 6.4160 || 1.0753 | 5.7778 || 1.0186 | 5.2566 
59 | 1.0124 | 6.4042 || 1.0154 | 5-7683 || 1.0186 | 5.2487 
60 | ror2s | 6.3924 || r.0154 | 5.7588 || 1.0187 | 5.2408 
* | Co-sec. |_ SEC. 


81° 


Co-src.! Src, ||Co-sec.! Src. 
g0° Oo 


st hig 
Co-sEc. 
1.0187 | 5.2408 
1.0188 | 5.2330 
1.0188 | 5.2252 
1.0189 | 5.2174 
1.0189 | §.2007 
1.0190 | 5.2019 
L.OIQI | 5.10942 
1.0191 | 5.1805 
1.0192 | 5.1788 
1.0192 | 5.1712 
1.0193 | §-1036 
1.0193 | 5.1560 
1.0194 | 5.1484 
I.0195 | 5.1400 
T0105 | 5.1333 
1.0196 | 5.1258 
1.0106 | 5.1183 
1.0197 | 5.1100 
1.0108 | 5.1034 
1.0198 | 5.0960 
1.0199 | 5.0886 
1.0199 | 5.0812 
1.0200 | 5.0739 
1.0201 | 5.0066 
1.0201 | 5.0593 
1.0202 | 5.0520 
1.0202 | 5.0447 
1.0203 | 50375 
I1,0204 | 5.0302 
1.0204 | §.0230 
1.0205 | 5.0158 
1.0205 | 5.0087 
1.0206 | 5.0015 
1.0207 | 4.0044 
1.0207 | 4.0873 
1.0208 | 4.9802 
1.0208 | 4.0732 
1.0209 | 4.9061 
1.0210 | 4.0501 
1.0210 | 4.0521 
T.0O21I | 4.0452 
r.o21r | 4.90382 
1.0212 | 4.0313 
1.0213 | 4.0243 
1.0213 | 4.0175 
1.0214 | 4.9106 
1.0215 | 4.0037 
1.0215 | 4.8060 
1.0216 | 4.8001 
1.0216 | 4.8833 
1.0217 | 4.8765 
x.0218 | 4.8697 
1.0218 | 4.8630 
1.0219 | 4.8563 
1.0220 | 4.8406 
1.0220 | 4.8420 
r.022t | 4.8362 
1.0221 | 4.8206 
1.0222 | 4.8220 
1.0223 | 4.8163 
1.0223 | 4.8007 
Co-sec.| SEC. 
78° 


~ 
edie Aerie 
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SECANTS 879 
[2 13? 14° 15° 
Src. | Co-sEc.|| Sec. | Co-src.|| Src. |Co-sec.|} Src. | Co-sxc.} ’ 
1.0223 | 4.8097 || 1.0263 | 4.4454 || 1.0306 | 4.1336 || 1.0353 | 3.8637 | 60 
1.0224 | 4.8032 || 1.0264 | 4.4308 || 1.0307 | 4.1287 || 1.0353 | 3.8505 | so 
1.0225 | 4-7966 || 1.0264 | 4.4342 || 1.0308 | 4.1230 || 1.0354 | 3.8553 | 58 
1.0225 | 4:7001 || 1.0265 | 4.4287 || 1.0308 | 4.1101 || 1.0355 | 3.8512-| 57 
1.0226 | 4.7835 || 1.0266 | 4.4231 || 1.0309 | 4.1144 || 1.0356 | 3.8470 | 56 
1.0226 | 4.7770 || 1.0266 | 4.4176 || 1.0310. | 4.1096 || 1.0357 | 3.8428 | 55 
1.0227 | 4.7706 || 1.0267 | 4.4121 || r.031r | 4.1048 || 1.0358 | 3.8387 | 54 
1.0228 | 4.7641 || 1.0268 | 4.4065 || 1.0311 | 4.1001 || 1.0358 | 3.8346 | 53 
1.0228 | 4.7576 || 1.0268 | 4.4011 || 1.0312 | 4.0953 || 1.0359 | 3.8304 | 52 
1.0229 | 4.7512 || 1.0269 | 4.3956 || 1.0313 | 4.09006 |] 1.0360 | 3.8263 | 5r 
1.0230 | 4.7448 || 1.0270 | 4.3910 || 1.0314 | 4.0859 |] 1.0361 | 3.8222 | 50 
1.0230 | 4-7384 || 1.0271 | 4.3847 || 1.0314 | 4.0812 || 1.0362 | 3.8181 | 40 
1.0231 | 4.7320 || 1.0271 | 4.3702 || 1.0315 | 4.0765 || 1.0362 | 3.8140 | 48 
1.0232 | 4.7257 || 1.0272 | 4.3738 || 1.0316 | 4.0718 || 1.0363 | 3.8100 | 47 
1.0232 | 4-7103 || 1.0273 | 4.36084 || 1.0317 | 4.0672 || 1.0364 | 3.8059 | 46 
1.0233 | 4.7130 || 1.0273 | 4.3630 || 1.0317 | 4.0625 || 1.0365 | 3.8018 | 45 
1.0234 | 4-7067 || 1.0274 | 4.3576 || 1.0318 | 4.0570 || 1.0366 | 3.7978 | 44 
1.0234 | 4.7004 || 1.0275 | 4.3522 || 1.0319 | 4.0532 || 1.0367 | 3.7037 | 43 
1.0235 | 4.6942 || 1.0276 | 4.3469 || 1.0320 | 4.0486 || 1.0367 | 3.7807 | 42 
| 1.0235 | 4.6879 || 1.0276 | 4.3415 || 1.0320 | 4.0440 || 1.0368 | 3.7857 | 41 
1.0236 | 4.6817 || 1.0277 | 4.3362) || 1.0321 | 4.0304 || 1.0369 | 3.7816 | 40 
1.0237 | 4.6754 || 1.0278 | 4.3300 || 1.0322 | 4.0348 || 1.0370 | 3.7776 | 30 
1.0237 | 4.6602 || 1.0278 | 4.3256 || 1.0323 | 4.0302 || 1.0371 | 3.7736 | 38 
1.0238 | 4.6631 || 1.0279 | 4.3203 || 1.0323 | 4.0256 |] 1.0371 | 3.7607 37 
1.0239 | 4.6569 || 1.0280 | 4.3150 || 1.0324 | 4.0211 || 1.0372 | 3.7657 | 36 
1.0230 | 4.6507 || 1.0280 | 4.3008 || 1.0325 | 4.0165 || 1.0373 | 3.7617 | 35 
1.0240 | 4.6446 || 1.0281 | 4.3045 || 1.0326 | 4.0120 || 1.0374 | 3.7577 | 34 
1.0241 | 4.6385 || 1.0282 | 4.2993 || 1.0327 | 4.0074 || 1.0375 | 3.7538 | 33 
1.024% | 4.6324 || 1.0283 | 4.2041 || 1.0327 | 4.0029 |] 1.0376 | 3.7408 32 
1.0242 | 4.6263 || 1.0283 | 4.2888 |) 1.0328 | 3.9084 || 1.0376 | 3.7450 | 31 
1.0243 | 4.6202 || 1.0284 | 4.2836 || 1.0329 | 3.0030 |] 1.0377 | 3.7420 | 30 
1.0243 | 4.6142 || 1.0285 | 4.2785 || 1.0330 | 3.0804 || 1.0378 | 3.7380. | 20 
1.0244 | 4.608r || 1.0285 | 4.2733 || 1.0330 | 3.0850 || 1.0370 | 3.7341 | 28 
1.0245 | 4-021 || 1.0286 | 4.2681 || 1.0331 | 3.9805 || 1.0380 | 3.7302 | 27 
1.0245 | 4.5961 || 1.0287 | 4.2630 || 1.0332 | 3.9760 || 1.0381 | 3.7263 | 26 
1.0246 | 4.590% |} 1.0288 | 4.2579 || 1.0333 | 3.0716 || 1.0382 | 3.7224 | 25 
1.0247 | 4.5841 || 1.0288 | 4.2527 || 1.0334 | 3.0672 || 1.0382 | 3.7186 24 
1.0247 | 4.5782 || 1.0289 | 4.2476 || 1.0334 | 3.9627 || 1.0383 | 3.7147 | 23 
1.0248 | 4.5722 |] 1.0290 | 4.2425 || 1.0335 | 3.0583 || 1.0384 | 3.7108 | 22 
1.0249 | 4.5663 || 1.0291 | 4.2375 |] 1.0336 | 3.0530 || 1.0385 | 3.7070 | ar 
1.0249 | 4.5604 || t.o29r | 4.2324 || 1.0337 | 3.0405 || 1.0386 | 3.7031 | 20 
1.0250 | 4.5545 || 1.0202 | 4.2273 || 1.0338 | 3.0451 || 1.0387 | 3.6993 | 10 
1.0251 | 4.5486 || 1.0293 | 4.2223 || 1.0338 | 3.9408 || 1.0387 | 3.6955 | 18 
7.0251 | 4.5428 || 1.0293 | 4.2173 || 1.0330 | 3.0364 || 1.0388 | 3.6017 | 17 
1.0252 | 4.5360 || 1.0204 | 4.2122 || 1.0340 | 3.9320 || 1.0389 | 3.6878 | 16 
1.0253 | 4.5311 || 1.0205 | 4.2072 || 1.034 | 3.0277 || 1.0300 | 3.6840 | 15 
1.0253 | 4.5253 || 1.0206 | 4.2022 || 1.0341 | 3.9234 || 1.0301 | 3.6802 | 14 
1.0254 | 4.5105 || 1.0296 | 4.1072 || 1.0342 | 3.9190 || 1.0302 | 3.6765 | 13 
1.0255 | 4-5137 || 1.0207 | 4.1923 || 1.0343 | 3.0147 || 1.0303 | 3.6727 | 12 
1.0255 | 4-5070 || 1.0298 | 4.1873 |] 1.0344 | 3.9104 || 1.0303 | 3.6680 | 11 
1.0256 | 4.5021 |] 1.0299 | 4.1824 || 1.0345 | 3.9061 || 1.0304 | 3.6651 | 10 
1.0257 | 4-4064 || 1.0209 | 4.1774 || 1.0345 | 3.9018 || 1.0305 | 3.6614 9 
1.0257 | 4-4907 || 1.0300 | 4.1725 || 1.0346 | 3.8076 || 1.0306 | 3.6576 8 
1.0258 | 4.4850 || 1.0301 | 4.1676 || 1.0347 | 3.8033 || 1.0307 | 3.6530 7 
1.0259 | 4-4793°|| 1.0302 | 4.1627 || 1.0348 | 3.8900 || 1.0308 | 3.6502 6 
1.0260 | 4.4730 || 1.0302 | 4.1578 || 1.0349 | 3.8848 || 1.0300 | 3.6464 5 
1.0260 | 4.4679 || 1.0303 | 4.1520 1.0349 | 3.8805 || 1.0309 | 3.6427 4 
1.0261 | 4.4623 || 1.0304 | 4.148r || 1.0350 | 3.8763 || 1.0400 3.6390 3 
1.0262 | 4.4566 || 1.0305 | 4.1432 || 1.0351 | 3.8721 || 1.0401 | 3.6353 2 
1.0262 | 4.4510 || 1.0305 | 4.1384 || 1.0352 | 3.8670 || 1.0402 3.6316 I 
1.0263 | 4.4454 || 1.0306 | 4.1336 || 1.0353 | 3.8637 || 1.0403 | 3.6270 ° 
Co-sEc.! Src. ||Co-sec.! Src. |!Co-sec.! Sec. |/Co-szc.! Src. | ’ 
77° 76° 75° q4° 


880 SHOP TRIGONOMETRY 
16° Le 18° 19° 
’ | Sec. |Co-src.|| Sec. | Co-sec.|| Sec. |Co-sEc.||| Sec. | Co-szc. 
o | 1.0403 | 3.6279 || 1.0457 | 3-4203 || r0515 | 3:236r |} 1.0576 | 3.0715 
1 | 1.0404 | 3.6243 || 1.0458 | 3-4170 || x.0516 | 3.2332 || 1.0577 | 3-0690 
2 | 1.0405 | 3.6206 || 1.0450 | 3-4138 || 1.0517 | 3.2303 1.0578 | 3.0664 
3 | 1.0406 | 3.6169 |] x.0460 | 3.4106 || 1.0518 || 3.2274 || 110579 | 3.0638 
4 | 1.0406 | 3.6133 || 1.0461 | 3.4073 || 1.0519 | 3.2245 || 1.0580 | 3.0612 
5 | 1.0407 | 3.6006 || 1.0461 | 3.4041 || 21-0520 | 3.2216 || 1.058r | 3.0586 
6 | 1.0408 | 3.6060 |] 1.0462 | 3.4000 || T.o52r | 3.2188 || 1.0582 | 3.0561 
7 | 1.0409 | 3.6024 || 1.0463 | 3:3077 || 1-0522 | 3.2159 || 1.0584 | 3:0535 
8 | 1.0410 | 3.5987 || 1.0464 | 3.3045 || 1.0523 | 3.2131 |] 1.0585 | 3.0500 
9 | r.041t | 3.5951 1.0465 | 3.3913 || 1.0524 | 3.2102 || 1.0586 | 3.0484 
10 | 1.0412 | 3.5015 || 1.0466 | 3.3881 || 1.0525 | 3.2074 || 1.0587 | 3.0458 
1r | 1.0413 | 3.5870 || 1.0467 | 3.3849 || 1.0526 | 3.2045 || 1.0588 | 3.0433 
12 | 1.0413 | 3.5843 || 1.0468 | 3.3817 || 1.0527 | 3.2017 || 1.0580 | 3.0407 
13 | 1.0414 | 3.5807 |} 1.0460 3-3785 || 1.0528 | 3-1989 || 1.0590 | 3.0382 
14 | 1.0415 | 3.5772 || 1.0470 | 3.3754 || 1.0520 | 3-1060 || 1.0501 | 3:0357 
15 | 1.0416 | 3.5736 || 1.0471 | 3.3722 |} 1-0530 | 3.1032 || 1.0502 | 3-033 
16 | 1.0417 | 3.5700 || 1.0472 | 3-3600 || 1.0531 | 3.1904 || 1.0503 | 3.0306 
17 | 1.0418 | 3.5665 || 1.0473 | 3.3650 |] 1.0532 | 3-1876 || 1.0504 | 3.0281 
18 | r.o419 | 3.5620 || 1.0474 | 3-3627 || 1.0533 | 3-1848 || 1.0505 | 3.0256 
19 | 1.0420 | 3.5504 || 1.0475 | 3-3596 || 1.0534 | 3-1820 || 1.0506 | 3.0231 
20 | 1.0420 | 3.5550 || 1.0476 | 3.3565 || 1.0535 | 3-4792 || 1.0598 | 3.0206 
at | r.ogat | 3.5523 || 1.0477 | 3-3534 |] 1-0536 | 3.1764 || t.o599 | 3.0181 
22 | 1.0422 | 3.5488 || 1.0478 | 3.3502 || 1.0537 | 3-1736 || 1.0600 | 3.0156 
23 | 1.0423 | 3.5453 || 1.0478 | 3.3471 || 1-0538 | 3.1708 || 1.060% | 3.0131 
24 | 1.0424 | 3.5418 || 1.0470 | 3-3440 || 1.0539 | 3.1681 || 1.0602 | 3.0106 
25 | 1.0425 | 3.5383 || 1.0480 | 3.3400 |] 1-0540 | 3.1653 |] 1.0603 | 3.008 
26 | 1.0426 | 3.5348 || 1.0481 | 3.3378 || 1.0541 | 3.1625 || 1.0604 | 3.0056 
27 | 1.0427 | 3.5313 || 1.0482 | 3.3347 || 1.0542 | 3.1598 || r.0605 | 3-0031 
28 | 1.0428 | 3.5270 || 1.0483 | 3-3316 || 1.0543 | 3.1570 |] 1.0606 | 3.0007 
29 | 1.0428 | 3.5244 || 1.0484 | 3-3286 || 1.0544 | 3.1543 || 1.0607 | 2.9082 
go | 1.0429 | 3.5209 || 1.0485 | 3-3255 || 1-0545 | 3.1515 || 1.0608 | 2.9057 
31 | 1.0430 | 3.5175 || 1.0486 | 3.3224 || 1.0546 | 3.1488 || 1.0609 | 2.0033 
32 | 1.0431 | 3.5140 || 1.0487 | 3.3194 || 1.0547 | 3-146r |] r.06rr | 2.9908 
33 | 1.0432 | 3.5106 || 1.0488 | 3.3163 || 1.0548 | 3.1433 || 1.0612 | 2.9884 
34 | 1.0433 | 3.5072 || 1.0489 | 3-3133 || 21-0549 | 3.1406 || 1.0613 | 2.9850 
35 | 1.0434 | 3.5037 || r-0490 | 3.3102 || T-0550 | 3-1379 |] 1.0614 | 2.0835 
36 | 1.0435 | 3.5003 || 1.0491 | 3.3072 |] 10551 | 3-1352 || 1.0615 | 2.9810 
37 | 1.0436 | 3.4969 || 1.0492 | 3-3042 || 1.0552 | 3-1325 || 1.0616 | 2.9786 
38 | 1.0437 | 3.4035 || 1-0403 | 3-301 || 1.0553 | 3-12098 || 1.0617 | 2.9762 
39 | 1.0438 | 3.4901 || r.0494 | 3.2081 || 1.0554 | 3.127% || 1.0618 | 2.9738 
40 | 1.0438 | 3.4867 || r.0495 | 3.2051 || 1-0555 | 3-1244 || 1.0610 | 2.9713 
41 | 1.0430 | 3.4833 || 1.0496 | 3.2021 || 1.0556 | 3.1217 || 1.0620 | 2.9680 
42 | 1.0440 | 3.4790 || 1.0497 | 3-2801 || 1.0557 | 3-1190 || 1.0622 | 2.9665 
43 | 1.0441 | 3.4766 || 1.0498 | 3.286r || 1.0558 | 3.12163 || 1.0623 | 2.9641 
44 | 1.0442 | 3.4732 || 1.0499 | 3-2831 || 1.05590 | 3-1137 || 1.0624 | 2.9617 
45 | 1.0443 | 3.4698 || r.0500 | 3.2801 |] 1.0560 | 3.1110 || 1.0625 | 2.05903 
46 | 1.0444 | 3.4665 || r.050r | 3.2772 |] 1.0561 | 3.1083 || 1.0626 | 2.9560 
47 | 1.0445 | 3.4632 |} 1.0502 | 3-2742 || 1.0562 | 3-1057 || 1.0627 | 2.0545 
48 | 1.0446 | 3.4508 |] 2.0503 | 3.2712 || 1.0563 | 3-1030 |} 1.0628 | 2.9521 
40 | 1.0447 | 3.4565 |] 1.0504 | 3-2683 || 1.0565 | 3.1004 || 1.0629 | 2.0407 
50 | 1.0448 | 3.4532 || 1.0505 | 3.2653 || 1.0566 | 3.0977 || 1.0630 | 2.0474 
51 | 1.0448 | 3.4408 || 1.0506 | 3.2624 || 1.0567 | 3.0051 || 1.0632 | 2.0450 
52 | 1.0449 | 3.4465 || 1.0507 | 3.2504 || 1-0568 | 3.0025 || 1.0633 | 2.9426 
53 | 1.0450 | 3.4432 |] 1.0508 | 3.2565 || 1.0569 | 3.0808 || 1.0634 | 2.9402 
54 | I.045t | 3.4309 || 1.0509 | 3-2535 || 1.0570 | 3.0872 || 1.0635 | 2.0370 
55 | 1.0452 | 3.4366 || r.0510 | 3.2506 || 1.0571 | 3.0846 || 1.0636 | 2.0355 
56 | 1.0453 | 3-4334 |] 1.0511 | 3-2477 |] 1-0572 | 3.0820 || 1.0637 | 2.0332 
57 | 1.0454 | 3.4301 |] r.0512 | 3-2448 || 1.0573 | 3.0703 || 1.0638 | 2.9308 
58 | 1.0455 | 3.4268 |] 1.0513 | 3.2410 || 1.0574 | 3.0767 || 1.0630 | 2.0285 
59 | 1.0456 | 3.4236 || 1.0514 | 3.2300 || 1.0575 | 3.0741 || 1.0641 | 2.9261 
60 | 1.0457 | 3.4203 || 1.0515 | 312361 || 1.0576 | 3.0715 || 1.0642 | 2.90238 
’ |Co-sec.| Src. ||Co-sec.! Src. ||Co-sec.! Src. ||Co-szc.| Src. 
73° 72° 71° 70° 
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SECANTS 881 
20° 218 22° 23° 

Src. |Co-sxc.|| Src. |Co-sec.|| Sze. |Co-src.|| Src. | Co-sec. | ” 
1.0642 | 2.9238 || 1.0711 | 2.7904 || 1.0785 | 2.6605 1.0864 | 2.5503 | 60 
1.0643 | 2.0215 || 1.0713 | 2.7883 || 1.0787 | 2.6675 || 1.0865 | 2.5575 59 
1.0644 | 2.9191 || 1.0714 | 2.7862 || 1.0788 | 2.6656 |] 1.0866 | 2.5558 58 
1.0645 | 2.9108 || 1.0715 | 2.7841 || 1.0789 | 2.6637 || 1.0868 | 2.5540 57 
1.0646 | 2.9145 || 1.0710 | 2.7820 || 1.0790 | 2.6618 || 1.0869 2.5523 | 56 
1.0647 | 2.9122 || 1.0717 | 2.7799 || 1.0792 | 2:6s09 || 1.0870 | 2.5506 55 
1.0648 | 2.9098 || 1.0719 | 2.7778 || 1.0793 | 2.6580 || 1.0872 2.5488 | 54 
1.0650 | 2.9075 || 1.0720 | 2.7757 || 1.0794 | 2.6561 1.0873 | 2.5471 | 53 
1.0651 | 2.9052 || 1.0721 | 2.7736 || 1.0705 | 2.6542 || 1.0874 2.5453 | 52 
1.0652 | 2.9029 || 1.0722 | 2.7715 || 1.0797 | 2.6523 || 1.0876 2.5430 | 51 
1,0653 | 2.9006 || 1.0723 | 2.7694 || 1.0798 | 2.6504 || 1.0877 2.5419 | 50 
1.0654 | 2.8983 || 1.0725 | 2.7674 |] 1.0709 | 2.6485 || 1.0878 2.5402 | 40 
1.0655 | 2.8960 || 1.0726 | 2.7653 || z.0801 | 2.6466 || 1.0880 2.5384 | 48 
1.0656 | 2.8937 || 1.0727 | 2.7632 || 1.0802 | 2.6447 || 1.0881 2.5367 | 47 
1.0658 | 2.8015 || 1.0728 | 2.7611 || 1.0803 | 2.6428 || 1.0882 2.5350 | 46 
1.0659 | 2.8892 || 1.0729 | 2.7591 || 1.0804 | 2.6410 || 1.0884 2.5333 | 45 
1.0660 | 2.8369 || 1.0731 | 2.7570 || 1.0806 | 2.6301 || 1.0885 | 2.5316 44 
1.0661 | 2.8846-|| 1.0732 | 2.7550 || 1.0807 | 2.6372 |! 1.0886 | 2.5200 43 
1,0662 | 2.8824 || 1.0733 | 2.7529 || x.0808 | 2.6353 || 1.0888 | 2.5281 42 
1.0663 | 2.8801 || 1.0734 | 2.7500 || 1.0810 | 2.6335 || 1.0889 2.5204 | 41 
1.0664 | 2.8778 || 1.0736 | 2.7488 || 7.0811 | 2.6316 || 1.0891 | 2.5247 40 
1.0666 | 2.8756 || 1.0737 | 2.7468 || 1.0812 | 2.6297 || 1.0892 2.5230 | 30 
1.0067 | 2.8733 || 1.0738 | 2.7447 || 1.0813 | 2.6279 || 1.0893 | 2.5213 38 
1.0668 | 2.8711 || 1.0730 | 2.7427 || 1.0815 | 2.6260 1.0805 | 2.5106 | 37 
1.0669 | 2.8088 || 1.0740 | 2.7406 || 1.0816 | 2.6242 |} 1.0806 | 2.5170 36 
1.0670 | 2.8666 || 1.0742 | 2.7386 || 1.0817 | 2.6223 || 1.0897 | 2.5163 35 
1.0671 | 2.8644 || 1.0743 | 2.7366 || 1.0819 | 2.6205 |! 1.0800 | 2.5146 34 
1.0673 | 2.8621 || 1.0744 | 2.7346 || 1.0820 | 2.6186 || 1.0900 | 2.5129 | 33 
1.0674 | 2.8590 |] 1.0745 | 2.7325 || 1.0821 | 2.6168 || 1.0902 | 2.5112 32 
1.0675 | 2.8577 || 1.0747 | 2.7305 || 1.0823 | 2.6150 || 1.0903 2.5095 | 31 
1.0676 | 2.8554 || 1.0748 | 2.7285 || 1.0824 | 2.6131 || 1.0904 | 2.5078 30 
1.0677 | 2.8532 || 1.0749 | 2.7265 || 1.0825 | 2.6113 || 1.0006 2.5062 | 29 
1.0678 | 2.8510 || 1.0750 | 2.7245 || 1.0826 | 2.6095 || 1.0907 | 2.5045 | 28 
1.0679 | 2.8488 || 1.0751 | 2.7225 || 1.0828 | 2.6076 || 1.0908 | 2.5028 27 
1.0681 | 2.8466 |) 1.0753 | 2.7205 || 1.0829 | 2.6058 I.0910 | 2.5011 | 26 
1.0682 | 2.8444 |] 1.0754 | 2.7185 || 1.0830 | 2.6040 || 1.0911 2.4005 | 25 
1.0083 | 2.8422 || 1.0755 | 2.7165 || 1.0832 | 2.6022 || 1.0913 2.4078 | 24 
1.0084 | 2.8400 |] 1.0756 | 2.7145 || 1.0833 | 2.6003 1.0914 | 2.4961 | 23 
1.0685 | 2.8378 || 1.0758 | 2.7125 |} 1.0834 | 2.5085 1.0915 | 2.4045 | 22 
1.0686 | 2.8356 || 1.0750 | 2.7105 || 1.0836 | 2.5067 || 1.0017 2.4928 | 21 
1.0688 | 2.8334 || 1.0760 | 2.7085 || 1.0837 | 2.5949 || 1.0018 2.4912 | 20 
1.0689 | 2.8312 || 1.0761 | 2.7065 || 1.0838 | 2.5031 | 1.0920 | 2.4805 | to 
1.0690 | 2.8290 || 1.0763 | 2.7045 || 1.0840 | 2.5913 || 1.0921 | 2.4870 | 18 
1.0691 | 2.8260 || 1.0764 | 2.7026 || 1.0841 | 2.5805 || 1.0922 | 2.4862 17 
1.0692 | 2.8247 || 1.0765 | 2.7006 || 1.0842 | 2.5877 || 1.0924 | 2.4846 | 16 
1.0694 | 2.8225 || 1.0766 | 2.6986 || 1.0844 | 2.5850 || 1.0925 | 2.4820 15 
1.0695 | 2.8204 || 1.0768 | 2.6907 || 1.0845 | 2.5841 || 1.0027 2.4813 | 14 
1.0696 | 2.8182 || 1.0769 | 2.60947 || 1.0846 | 2.5823 || 1.0928 | 2.4707 13 
1.0697 | 2.8160 || 1.0770 | 2.6927 || 1.0847 | 2.5805 || 1.0929 | 2.4780 | 12 
1.0608 | 2.8139 || 1.0771 | 2.6908 || 1.0849 | 2.5787 || 1.0037 2.4764 | 11 
1.0699 | 2.8117 || 1.0773 | 2.6888 || 1.0850 | 2.5770 || 1.0932 |, 2.4748 | 10 
T.0701 | 2.80096 || 1.0774 | 2.6869 || 1.0851 | 2.5752 |] 1.0034 | 2.4731 9 
1.0702 | 2.8074 || 1.0775 | 2.6849 || 1.0853 | 2.5734 1.0935 | 2.4715 8 
1.0703 | 2.8053 || 1.0776 | 2.6830 || 1.0854 | 2.5716 |] 1.0936 | 2.4600 7 
1.0704 | 2.8032 || 1.0778 | 2.6810 || 1.0855 | 2.5699 || 1.0038 2.4683 6 
1.0705 | 2.8010°|| 1.0779 | 2.6701 || 1.0857 | 2.5681 || 1.0930 2.4666 5 
1.0707 | 2.7989 || 1.0780 | 2.6772 || 1.0858 | 2.5663 |] 1.0941 | 2.4650 4 
1.0708 | 2.7968 || 1.0781 | 2.6752 || 1.0859 | 2.5646 || 1.0942 2.46034 3 
1.0709 | 2.7047 || 1.0783 | 2.6733 || 1.0861 | 2.5628 || 1.0043 2.4618 2 
I.O710 | 2.7925 || 1.0784 | 2.6714 || 1.0862 | 2.5610 || 1.0045 2.4602 1 
L.O7II | 2.7904 || 1.0785 | 2.6695 || 1.0864 | 2.5503 || 1.0046 2.4586 o 

Co-sec.| Src. |!Co-sec.! Src. ||Co-sxc. Sec. | Co-sec.! Src. | ” 

69° 68° 67° | 66° 


SHOP TRIGONOMETRY 


24° 25° 26° 27° 
4 Sec. | Co-src. | Sec. Co-sEc.|| Sec. | Co-src.|| Sxc. | Co-sec. 
© | 1.09046 | 2.4586 || 1.1034 | 2.3662 || 1.1126 | 2.2812 || 1.1223 | 2.2027 
I | 1.0948 | 2.4570 || 1.1035 | 2.3647 || 1.1127 | 2.2708 || 1.1225 | 2.2014 
2 | 1.0049 | 2.4554 || 1.1037 | 2.3632 || 1.1129 | 2.2784 || 1.1226 | 2.2002 
3 | I.095r | 2.4538 || 1.1038 | 2.3678 || 1.1131 | 2.2771 || 1.1228 | 2.1980 
4 | 1.0952 | 2.4522 || 1.1040 | 2.3603 || 1.1132 | 2.2757 || 1.1230 | 2.1977 
5 | 1.0953 | 2.4506 |] 1.1041 | 2.3588 || 1.1134 | 2.2744 || 1.1231 | 2.1964 
6 | 1.0955 | 2.4490 |} 1.1043 | 2.3574 || 1.1135 | 2.2730 || 1.1233 | 2.1952 
7 | 1.0956 | 2.4474 || 1.1044 | 2.3550 |] 1.1137 | 2.2717 || 1.1235 | 2.1939 
8 | 1.0958 | 2.4458 || 1.1046 | 2.3544 || 1.1139 | 2.2703 |] 1.1237 | 2.1027 
9 | 1.00590 | 2.4442 1.1047 | 2.3530 || 1.1140 | 2.2690 || 1.1238 | 2.1914 
IO | 1.096r | 2.4426 || 1.1049 | 2.3515 || 1.4142 | 2.2676 || 1.1240 | 2.1902 
II | 1.0962 | 2.4411 || 1.1050 | 2.3501 || 1.1143 | 2.2663 || 1.1242 | 2.1889 
12 | 1.0963 | 2.4305 || 1-1052 | 2.3486 || 1.1145 | 2.2650 || 1.1243 | 2.1877 
13 | 1.0065 | 2.4379 || 1.1053 | 2.3472 || 1.1147 | 2.2636 || 1.1245°| 2.1865 
14 | 1.0966 | 2.4363 || 1.1055 | 2.3457 || 1.1148 | 2 2623 |] 1.1247 | 2.1852 
T5 | 1.0968 | 2.4347 || 1.1056 | 2.3443 || 1.1150 | 2.2610 |] 1.1248 | 2.1840 
16 | 1.0969 | 2.4332 || 1.1058 | 2.3428 || 1.1151 | 2.2596 || 1.1250 | 2.1828 
17 | 1.09071 | 2.4316 || 1.1059 | 2.3414 |] 1.1153 | 2.2583 || 1.1252 | 2.1815 
18 | 1.0972 | 2.4300 || 1.1061 | 2.3309 || 1.1155 | 2.2570 |] 1.1253 | 2.1803 
19 | 1.0973 | 2.4285 || 1.1062 | 2.3385 || 1.1156 | 2.2556 || 1.1255 | 2.1701 
20 | 1.0975 | 2.4269 |] 1.1064 | 2.3377 || 1.1158 | 2.2543 || 1.1257 | 2.1778 
21 | 1.0976 | 2.4254 |} 1.1065 | 2.3356 || 1.1159 | 2.2530 || 1.1258 | 2.1766 
22 | 1.09078 | 2.4238 || 1.1067 | 2.3342 || 1.1161 | 2.2517 || 1.1260 | 2.1754 
23 | 1.0079 | 2.4222 |} 1.1068 | 2.3328 || 1.1163 | 2.2503 || 1.1262 | 2.1742 
24 | 1.0981 | 2.4207 |} 1.1070 | 2.3313 || 1.1164 | 2.2490 |] 1.1264 | 2.1730 
25 | 1.0982 | 2.4191 |} 1.1072 | 2.3209 || 1.1166 | 2.2477 || 1.1265 | 2.1717 
26 | 1.0984 | 2.4176 || 1.1073 | 2.3285 || 1.1167 | 2.2464 || 1.1267 | 2.1705 
27 | 1.0085 | 2.4160 || 1.1075 | 2.3271 || 1.1169 | 2.2451 || 1.1269 | 2.1603 
28 | 1.0086 | 2.4145 || 1.1076 | 2.3256 || 1.1171 | 2.2438 || 1.1270 | 2.1681 
29 | 1.0988 | 2.4130 || 1.1078 | 2.3242 || 1.1172 | 2.2425 || 1.1272 | 2.1669 
30 | 1.0989 | 2.4114 |] 1.1079 | 2.3228 || 1.1174 | 2.2411 |] 1.1274 | 2.1657 
31 1.0991 | 2.4009 1.1081 2.3214 || 1.1176 | 2.2308 || 1.1275 | 2.1645 
32 | 1.0992 | 2.4083 || 1.1082 | 2.3200 || 1.1177 | 2.2385 |] 1.1277 | 2.1633 
33 | 1.0994 | 2.4068 || 1.1084 | 2.3186 || 1.1179 |, 2.2372 || 1.1279 } 2.1620 
34 | 1.0995 | 2.4053 || 1.1085 | 2.3172 || 1.1180 | 2.2350 || 1.1281 | 2.1608 
35 | 1.0007 | 2.4037 || 1.1087 | 2.3158 || 1.1182 | 2.2346 || 1.1282 | 2.1506 
36 | 1.0998 | 2.4022 || 1.1088 | 2.3143 || 1.1184 | 2.2333 || 1.1284 | 2.1584 
37 | I-1000 | 2.4007 |] I.1090 | 2.3129 || 1.1185 | 2.2320 || 1.1286 | 2.1572 
38 | 1.1001 | 2.3992 || 1.1092 | 2.3115 |} 1.1187 | 2.2307 |] 1.1287 | 2.1560 
39 | 1.1003 | 2.3976 || 1.1093 | 2.3101 || 1.1189 | 2.2204 |] 1.1289 | 2.1548 
40 | 1.1004 | 2.3961 1.1095 | 2.3087 || 1.1190 | 2.2282 || 1.1291 | 2.1536 
41 | 1.1005 | 2.3046 || 1.1006 | 2.3073 || 1.1192 | 2.2269 || 1.1203 | 2.1525 
42 | 1.1007 | 2.3931 1.1098 | 2.3050 || 1.1193 | 2-2256 || 1.1204 | 2.1513 
43 | 1-1008 | 2.3916 |] 1.1099 | 2-3046 || 1.1195 | 2-2243 |] 1.1206 | 2.1501 
44 | 1.1010 | 2.3901 || 1.1101 | 2.3032 || 1.1197 | 2.2230 || 1.1298 | 2.1480 
45 | 1.1011 | 2.3886 || 1.1102 | 2.3018 || x.1198 | 2.2217 || 1.1209 | 2.1477 
46 | 1.1013 | 2.3871 || 1.1104 | 2.3004 || 1.1200 | 2.2204 || 1.1301 | 2.1465 
47 | 1.1014 | 2.3856 || 1.1106 | 2.2900 || 1.1202 | 2.2192 || 1.1303 | 2.1453 
48 | 1.1016 | 2.3841 |] 1.1107 | 2.2076 || 1.1203 | 2.2170 || 1.1305 | 2.1441 
49 | 1.1017 | 2.3826 || 1.1109 | 2.2962 || 1.1205 | 2.2166 |} 1.1306 | 2.1430 
50 | 1.1019 | 2.3811 || 1.1110 | 2.2949 || 1.1207 | 2.2153 || 1.1308 | 2.1418 
51 | 1.1020 | 2.3706 |] 1.1112 | 2.2035 || 1.1208 | 2.2141 || 1.1310 | 2.1406 
§2 | 1.1022 | 2.3781 || 1.1113 | 2.2021 || 1.1210 | 2.2128 || 1.1312 | 2.1304 
53 | 1.1023 | 2.3766 || 1.1115 | 2.2007 |] 1.1212 | 2.2115 || 1.1313 | 2.1382 
54 | 1.1025 | 2.3751 || 1.1116 | 2.2804 || 1.1213 | 2.2103 || 1.1315 | 2.1371 
55 | 21-1026 | 2.3736 || 1.1118 | 2.2880 || 1.1215 | 2.20090 |] 1.1317, | 2.1350 
56 | 1.1028 | 2.3721 || 1.1120 | 2.2866 || 1.1217 | 2.2077 || 1.1319 | 2:1347 
57 | 1.1029 | 2.3706 || 1.1121 | 2.2853 || 1.1218 | 2.2065 |] 1.1320 | 2:1335 
58 | 1.1031 | 2.3601 I.1123 | 2.2839 || 1-1220 | 2.2052 || 1.1322 | 2.1324 
59 | 1.1032 | 2.3677 1.1124 | 2.2825 1.1222 | 2.2039 || 1-1324 | 2.1312 
60 | 1.1034 | 2.3662 |] 1.1126 | 2.2812 || 1.1223 | 2.2027 || 1.1326 | 2.1300 
“ |Co-srec.! Src. |/Co-sec.! Sec. |/Co-sec,! Src. ||Co-sec.! Sxc. 
65° 64° 63° 62° 


So wor onsen no | ~ 


| Ir 


SECANTS 883 
28° 29° 30° 31° 
Sec. | Co-src. a Src. |Co-sxc.|] Src. | Co-src.|| Sec. | Co-szc.| ’ 
1.1326 | 2.1300 || 1.1433 | 2.0627 1-I547 | 2.0000 || 1.1666 | 1.9416 | 60 
1.1327 | 2.1280 || 1.1435 | 2.0616 21-1549 | 1.9900 || 1.1668 | 1.9407 | 59 
11329 | 2.1277 || 1.1437 | 2.0605 || 1.1551 | 1.9980 1.1670 | 1.9307 | 58 
T1331 | 2.1200 || 1.1439 | 2.0504 || 1.1553 1.9970 || 1.1672 | 1.9388 | 57 
T1333 | 2-1254 || 1.1441 | 2.0583 || 1.1555 1.9960 || 1.1674 | 1.9378 56 
1.1334 | 2.1242 || 1.1443 | 2.0573 1.1557 T.9950 || 1.1676 | 1.9360 55 
1.1336 | 2.1231 1.1445 | 2.0562 || 1.1559 | 1.9940 1.1678 | 1.9360 54 
1.1338 | 2.1219 |) 1.1446 | 2.0551 I.1561 | 1.9930 || 1.1681 | 1.9350 53 
1.1340 | 2.1208 || 1.1448 | 2.0540 || 1.1562 1.9920 || 1.1683 | 1.0341 | 52 
I-134I | 2.1196 |] 1.1450 | 2.0530 1.1564 | 2.9910 || 1.1685 1.9332 | 51 
1.1343 | 2-1185 || 1.1452 | 2.0519 1.1566 | 1.9900 || 1.1687 | 1.9322 50 
T1345 | 2-173 |] 1-1454 | 2.0508 || 1.1568 | 1.9890 1.1689 | 1.9313 | 40 
11347 | 2.1162 || 1.1456 | 2.0408 |] 1.1570 1.9880 || 1.1691 | 1.9304 48 
T-1349 | 2.1150 |) 1.1458 | 2.0487 || 1.1572 | 1.0870 1.1603 | 1.0205 | 47 
T1350 | 2-1130 |] 1.1450 | 2.0476 || 1.1574 | 1.9860 1.1695 | 1.9285 | 46 
T1352 | 2.1127 || 1.1461 | 2.0466 || 1.1576 1.9850 || 1.1697 1.9276 | 45 
1-1354 | 2.1116 |} 1.1463 | 2.0455 1.1578 | 1.9840 || 1.1600 1.9267 | 44 
1.1350 | 2.1104 || 1.1465 | 2.0444 1.1580 | 1.9830 || 1.1701 | 1.9258 43 
T-1357 |, 2.1003 || 1.1467 | 2.0434 |] 1.1582 | 1.9820 1.1703 | 1.9248 | 42 
T1359 | 2.1082 || 1.1469 | 2.0423 || 1.1584 1.0811 || 1.1705 | 1.9230 | 4x 
1.1361 | 2.1070 |} 1.1471 | 2.0413 |! 1.1 586 | 1.9801 || 1.1707 | 1.9230 4° 
1.1363 | 2.1059 || 1.1473 | 2.0402 1.1588 | 1.9791 |] 1.1709 | 1.9221 39 
1.1305 | 2.1048 || 1.1474 | 2.0302 1.1590 | 1.9781 |] 1.1712 | 1.9212 38 
1.1366 | 2.1036 || 1.1476 | 2.0381 1-1592 | 1.9771 || 1.1714 | 1.9203 | 37 
1.1308 | 2.1025 || 1.1478 | 2.0370 T.1504 | 1.9761 |} 1.1716 | 1.9193 | 36 
1.1370 | 2.1014 || 1.1480 | 2.0360 || 1.1506 | 1.0752 1.1718 | 1.9184 | 35 
1.1372 | 2.1002 || 1.1482 | 2.0349 || 1.1508 1.9742 || 1.1720 | 1.0175 | 34 
1-1373 | 2.0991 || 1.1484 | 2.0339 || 1.1600 1.9732 || 1.1722 | 1.9166 | 33 
I-1375 | 2.0980 || 1.1486 | 2.0329 |] 1.1602 1.9722 || 1.1724 | 1.9157 | 32 
1.1377 | 2.0969 || 1.1488 | 2.0318 || 1.1604 1.0713 |} 1.1726 | 1.9148 | 31 
1.1379 | 2.0957 || 1.1489 2.0308 || 1.1606 | 1.9703 || 1.1728 1.9139 | 30 
1.1381 | 2.0946 || 1.1491 | 2.0297 || 1.1608 1.9693 || 1.1730 | 1.9130 | 29 
1.1382 | 2.0935 || 1.1403 2.0287 || 1.1610 | 1.9683 1.1732 | 1.9121 | 28 
1.1384 | 2.0924 |] 1.1405 2.0276 || 1.1612 | 1.9674 1.1734 | 1.9112 | 27 
1.1386 | 2.0912 || 1.1407 | 2.0266 1.1614 | 1.9664 |] 1.1737 | 1.9102 | 26 
I.1388 | 2.0901 |} 1.1409 2.0256 || 1.1616 | 1.0654 1.1739 | 1.9003 | 25 
I-1390 | 2.0890 || 1.1501 | 2.0245 || 1.1618 1.9645 || 1.1741 | 1.9084 24 
1-139 | 2.0879 || 3.1503 | 2.0235 || 1.1620 1.9635 || 1.1743 | 1.0075 23 
1.1303 | 2.0868 || 1.1505 | 2.0224 || 1.1622 1.9625 |] 1.1745 | 1.9066 | 22 
1.1395 | 2.0857 || 1.1507 | 2.0214 1.1624 | 1.9616 || 1.1747 | 1.9057 | ar 
1.1397 | 2.0846 || 1.1508 | 2.0204 |! 1.1626 1.9606 || 1.1749 | 1.9048 | 20 
1-1399 | 2.0835 |] 1.1510 | 2.0194 |} 1.1628 1.9506 || 1.1751 | 1.0039 | 19 
I.I40I | 2.0824 || 1.1512 | 2.0183 || 1.1630 1.9587 || 1.1753 | r.9030 | 18 
1.1402 | 2.0812 || 1.1514 | 2.0173 || 1.1632 I-9577 || 1.1756 | 1.9021 | 17 
1.1404 | 2.0801 |} 1.1516 | 2.0163 |} 1.1634 1.9568 || 1.1758 | 1.9013 | 16 
1.1406 | 2.07090 || 1.1518 | 2.0152 1.1636 | 1.9558 || 1.1760 | 1.9004 15 
1,1408 | 2.0779 || 1.1520 | 2.0142 1.1638 | 1.0549 |! 1.1762 1.8005 | 14 
I-1410 | 2.0708 || 1.1522 | 2.0132 || 1.1640 | 1.9530 1.1764 | 1.8986 | 13 
TI4Il | 2.0757 || 1-1524 | 2.0122 || 1.1642 | 1.9530 || 1.1766 1.89077 | 12 
1.1413 | 2.0746 || 1.1526 | 2.0111 || 1.1644 | 1.9520 1.1768 | 1.8968 | x1 
T1415 | 2.0735 || 1.1528 | 2.0101 || 1.1646 | 1.9510 1.1770 | 1.8959 | 10 
T1417 | 2.0725 |} 1.1530, | 2.0091 || 1.1648 | 1.9504 || 1.1772 1.8950 9 
TI4I9 | 2.0714 || 1-153t | 2.0081 |} 1.1650 | 1.o4or || 1.1775 1.8941 8 
1.1421 | 2.0703) | 1,1533 | 2.007% || 1.1652 | 1.9482 || 1.1777 | 1.8932 7 
1.1422 | 2.0692 || 1.1535 | 2.006r |] 1.1654 1-0473 || 1-1779 | 1.8924 6 
1.1424 | 2.0681 || 1.1537 | 2.0050 |} 1.1656 1,9463 || 1.1781 | 1.8915 5 
1.1426 | 2.0670 |] 1.1539 | 2.0040 1.1658 | 1.9454 || 1.1783 | 1.8906 4 
1.1428 | 2.0650 || 1.1541 | 2.0030 || 1.1660 1.0444 || 1.1785 | 1.8807 3 
1.1430 | 2.0648 |! 1.1543 | 2.0020 || 1.1662 1.0435 || 1.1787 | 1.8888 2 
1.1432 | 2.0637 || 1.1545 | 2.0010 || 1.1664 1.9425 || 1.1790 | 1.8879 I 
1.1433 | 2.0627 |] 1.1547 | 2.0000 |] 1.1666 I.9416 || 1.1792 | 1.8871 fo) 
* |Co-sec.! Sze. ||Co-sec.! Sec. |]Co-szc. Sec. |/Co-sec.! Sc, | ’ 
61° 60° 59° 58° 


oo 
co 
BS 


SHOP TRIGONOMETRY 


33° 


Src. | Co-sEc. 


34° 


Sec. |Co-sEc, 


So muauaunno | . 


1.1924 | 1.8361 
1.1926 | 1.8352 
1.1928 | 1.8344 
1.1930 | 1.8336 
1.1933 | 1.8328 
1.1935 | 1.8320 
1.1937 | 1.8311 
1.1939 | 1.8303 
1.1942 | 1.8295 
1.1944 | 1.8287 
1.1940 | 1.8279 


1.1948 | 1.8271 
I-1951 | 1.8263 
1.1953 | 1.8255 
1.1955 | 1.8246 
1.1958 | 1.8238 
1.1960 | 1.8230 
1.1962 | 1.8222 
1.1964 | 1.8214 
1.1967 | 1.8206 
1.1969 | 1.8198 


I-197t | 1.8190 
1.1974 | 1.8182 
1.1976 | 1.8174 
1.1978 | 1.8166 
1.1980 | 1.8158 
1.1983 | 1.8150 
1.1985 | 1.8142 
1.1987 | 1.8134 
1.1990 | 1.8126 
1.1992 | 1.8118 


1.1904 | 1.8110 
1.1997 | 1.8102 
I.1999 | 1.80904 
r.2001 | 1.8086 
1.2004 | 1.8078 
1.2006 | 1.8070 
1.2008 | 1.8062 
1.2010 | 1.8054 
1.2013 | 1.8047 
1.2015 | 1.8039 


r.2017 | 1.8031 
1.2020 | 1.8023 
1.2022 | 1.8015 
1.2024 | 1.8007 
1.2027 | 1.790900 
1.2029 | 1-7902 
1.2031 | 1.7984 
1.2034 | 1.79076 
1.2030 | 1.7968 
1.2039 | 1.7960 


1.2041 | 1.7053 
1.2043 | I-7045 
1.2046 | 1.7037 
1.2048 | 1.7920 
1.2050 | 1.7921 
1.2053 | 1.7914 
1.2055 | 1.7906 
1.2057 | 1.7808 
1.2060 | 1.7801 
1.2062 | 1.7883 


1.2062 | 1.7883 
1.2064 | 1.7875 
1.2067 | 1.7867 
1.2069 | 1.7860 
I.2072 | 1.7852 
1.2074 | 1-7844 
1.2076 | 1-7837 
1.2079 | 1.7829 
1.2081 | 1.7821 
1.2083 | 1.7814 
1.2086 | 1.7806 


1.2088 | 1.7708 
1.2001 I-7701 
1.2093 | 1:7783 
1.2005 1.7770 
1.2008 | 1.7768 
1.2100 | 1.7760 
1.2103 | 1.7753 
r.2105 | 1.7745 
1.2107 | 1.7738 
1.2110 | 1.7730 


I.2II2 | 1.7723 
1.215 | 1.7715 
1.2107 | 1.7708 
1.2119 | 1.7700 
1.2122 | 1.7003 
1.2124 | 1.7085 
1.2127 | 1.7678 
1.2129 | 1.7670 
1.2132 | 1.7663 
1.2134 | 1.7055 
1.2136 | 1.7648 
1.2139 | 1-7640 
1.2141 | 1-7633 
1.2144 1.7625 
1.2146 | 1.7618 
1.2149 | 1.7610 
I.215r | 1.7603 
1.2153 | 1-7500 
1.2156 | 1.7588 
1.2158 | 1.7581 


1.216% | 1.7573 
1.2163 | 1.7566 
1.2166 | 1.7550 
1.2168 | 1.7551 
1.217% | 1-7544 
1.2173 | 1-7537 
1.2175 | 1-7520 
1.2178 | 1.7522 
1.2180 | 1.7514 
1.2183 | 1.7507 


1.2185 | 1.7500 
1.2188 | 1.7403 
1.2590 | 1.7485 
1.2193 | 1-7478 
1.21905 | 1.7471 
1.2108 | 1.7463 
1.2200 | 1.7456 
1.2203 | 1-7449 
1.2205 1.7442 
1.2208 | 1.7434 


Co-src.| SEc. 


56° 


Co-srec.|  SEc. 


55° 


35° 
Src. | Co-sEc. 
1.2208 | 1.7434 
1.2210 | 1.7427 
1.2213 1.7420 
1.2215 | 1.7413 
1.2218 | 1.7405 
1.2220 | 1.7308 
1.2223 | 1.7301 
1.2225 | 1.7384 
1.2228 | 1.7377 
1.2230 | 1.7360 
1.2233 | 1.7362 
1.2235 | 1-7355 
1.2238 | 1.7348 
1.2240 | 1.7341 
1-2243 | 1-7334 
1.2245 | 1.7327 
1.2248 | 1.7319 
1.2250 | 1.7312 
1.2253 | 1.7305 
1.2255 | 1.7298 
1.2258 | 1.7201 
1.2260 | 1.7284 
1.2263 | 1.7277 
1.2205 | 1.7270 
1.2268 | 1.7263 
1.2270 | 1.7256 
1.2273 | 1.7249 
1.2276 | 1.7242 
1.2278 | 1.7234 
1.2281 | 1.7227 
1.2283 | 1.7220 
1.2286 | 1.7213 
1.2288 | 1.7206 
1.2291 1.7109 
1.2293 | 1.71092 
1.2206 | 1.7185 
1.2298 | 1.7178 
1.2301 | 1.7171 
1.2304 || 1.7164 
1.2306 | 1.7157 
1.2309 | 1.7151 
1.231t | 1.7144 
1.2314 1.7137 
1.2316 | 1.7130 
1.2319 | 1.7123 
1.2322 | 1.7116 
1.2324 | 1.7100 
1.2327 | 1.7102 
1.2329 | 1.7005 
1.2332 | 1.7088 
1.2335 | 1.7081 
1.2337 | I-7075 
1.2340 | 1.7068 
1.2342 | 1.7061 
1.2345 1.7054 
1.2348 | 1.7047 
1.2350 | 1.7040 
1.2353 | 1.7033 
1.2355 | 1-7027 
1.2358 | 1.7020 
1.2361 | 1.7013 
Co-szc.| Src, 


4° 


bom wear oe ae 


~ 


SECANTS 
36° 37° 38° 39° 
U bat - . a . a 13 . - . 
ie _ Sze. Co SEC.|| Sec. |Co-sEc.|] Src. |Co-sec.|} Src. | Co-sec 
© | 1.2361 | 1.70r3 || 1.2521 | 1.6616 1.2690 | 1.6243 || 1.2867 1.5890 
I | 1.2363 | 1.7006 || 1.2524 | 1.6610 1.2603 | 1.6237 || 1.2871 1.5884 
“2 | 1.2306 | 1.6999 || 1.2527 | 1.6603 || 1.2606 1.6231 || 1.2874 | 1.5870 
3 | 1.2368 | 1.6993 |] 1.2530 | 1.6597 1.2099 | 1.6224 ||. 1.2877 1.5873 
“4 | 1.2371 | 1.6086 || x.2532 | 1.6501 1.2702 | 1.6218 || 1.2880 | 1.5867 
5 | 1/2374 | 1.6979 || 1.2535 | 1.6584 || 1.2708~-1.6212 1.2883 | 1.5862 
6 | 1.2376 | 1.6972 1.2538 | 1.6578 || 1.2707 | 1.6206 || 1.2886 1.5856 
2 | 1:2379 | 1.6965 || 1.2541 | 1.6572 || 1.2710 | 1.6200 1.2889 | 1.5850 
8 | 1.2382 | 1.6950 1.2543 | 1.0565 || 1.2713 | 1.6104 || 1.2892 1.5845 
9 | 1.2384 | 1.6052 || 1.2546 | 1.6559 1.2716 | 1.6188 || 1.2805 | 1.5830 
TO | 1.2387 | 1.60945 || 1.2549 1.0552 || 1.2719 | 1.6182 || 1.2808 1.5833 
Ir | 1.2389 | 1/6938 || r.2552 | 2.6546 1.2722 | 1.6176 || 1.29001 | 1.5828 
12 | 1.2392 | 1:6932 || 1.2554 | 1.6540 || 1.2725 1.6170 || 1.2904 | 1.5822 
13 | 1.2305 | 1.6925 || 1.2557 | 1.6533 1.2728 | 1.6164 || 1.2907 1.5816 
14 | 2.2397 | 1.6918 || 1.2560 | 2.6527 || 1.2731 1.6159 || 1.2910 | 1.5811 
E5 | 1.2400 | 1.6912 || 1.2563 | 1.652 1.2734 | 1.6153 || 1.2913 | 1.5805 
16 | 1.2403 | 1.6905 1.2565 | 1.6514 || 1.2737 1.6147 || 1.29016 | 1.5700 
17 | 1-2405 | 1.6808 || 1.2568 | 1.6508 || 1.2730 1.6141 |] 1.2919 | 1.5794 
i8 | 1.2408 1.689: T2571 1.6502 1.2742 | 1.6135 || 1.2922 1.5788 
EO | 1-241 | 1.6885 || 1.2574 | 1.6496 || 1.2745 1.6129 || 1.2926 | 1.5783 
20 | 1-2413 | 1.0878 || 1.2577 | 1.6489 || 1.2748 1.6123 || 1.2929 | 1.5777 
aq | 1.2415 | 1.6871 || t.2570 | 1.6483 T.275I | 1.6117 |) 1.2932 | 1.5771 
22 | 1.2419 | 1.6865 || 1.2582 | 1.6477 1.2754 | 1.6111 || 1.2035 | 1.5766 
23 | 1.242 | 1.6858 || 1.2585 | 1.6470 1.2757 | 1.610§ || 1.2938 | 1.5760 
24 | 1.2424 | 1.6851 || 1.2588 | 1.6464 || 1.2760 1.6099 || 1.2941 | 1.5755 
25 | 1.2427 | 1.6845 || 1.2501 | 1.6458 1.2763 | 1.6003 || 1.2044 | 1.5749 
26 | 1.2420 | 1.6838 || 1.2503 1.6452 || 1.2766 | 1.6087 1.2047 } 1.5743 
27 | 1-2432 | 1.6831 || 1.2506 | 1.6445 || 1.2769 | 1.6081 1.2950 | 1.5738 
28 | 1.2435 | 1.6825 1.2509 | 1.6439 || 1.2772 | 1.6077 1.2953 | 1.5732 
29 | 1.2437 | 1.6818 || 1.2602 | 1.6433 || 1.2775 1.6070 |] 1.2956 | 1.5727 
30 | 1.2440 | 1.6812 || 1.2605 | 1.6427 1.2778 | 1.6064 || 1.2960 1.5721 
SI | 1.2443 | 1.6805 || 1.2607 | 1.6420 1.278t | 1.6058 || 1.2963 1.5716 
32 | 1.2445 | 1.6708 || 1.2610 | 1.6414 1.2784 | 1.6052 || 1.2966 1.5710 
33 | 1.2448 | 1.6792 || 1.2613 | 1.6408 1.2787 | 1.6046 || 1.2969 1.5705 
34 | 1/2451 | 1.6785 || 1.2616 1.6402 || 1.2790 | 1.6040 || 1.2972 | 1.5609 
§§ | 1.2453 | 1.6770 || 1.2619 | 1.6306 1.2793 | 1.6034 || 1.29075 | 1.5604 
6 | 1.2456 | 1.6772 || 1.2622 1.6389 || 1.2795 | 1.6029 |] 1.2978 1.5688 
7 | 1.24590 | 1.6766 || 1.2624 | 1.6383 1.2798 | 1.6023 |] x.2981 | 1.5683 
8 | 1.2461 | 1.6750 1.2627 | 1.6377 || 1.2801 1.6017 |} 1.2985 | 1.5677 
9 | 1.2464 | 1.6752 |! 1.2630 | 1.6371 1.2804 | r.6orr || 1.2988 | 1.5672 
O | 1.2467 | 1.6746 || 1.2633 | 1.6305 1.2807 | 1.6005 || 1.2991 | 1.5666 
I | 1.2470 | 1.6739 || 1.2636 | 1.6359 || 1.2810 | 1.6000 1.2004 | 1.5661 
2 | 1.2472 | 1.6733 || 1.2639 | 1.6352 1.2813 | 1.5004 || 1.2007 1.5055 
3 | 1.2475 | 1.6726 || 1.2641 | 1.6346 || 1.2816 1.5088 |} 1.3000 | 1.5650 
4 | 1.2478 | 1.6720 || 1.2644 | 1.6340 1.2819 | 1.5982 || 1.3003 1.5644 
S| 1.2480 | 1.6713 || 1.2647 | 1.6334 || 1.2822 1.5976 || 1.3006 | 1.5630 
6 | 1.2483 | 1.6707 || 1.2650 1.6328 || 1.2825 | 1.5071 || 1.3010 1.5633 
7 | 1.2486 | 1.6700 || 1.2653 | 1.6322 || 1.2828 1.5965 || 1.3013 | 1.5628 
8 | 1.2488 | 1.6604 || 1.2656 1.6316 || 1.2831 | 1.5959 j} 1.3016 1.5622 
9 | 1.2490 | 1.6637 || 1.2659 | 1.6309 || 1.2834 1.5953 || 1.3019 | 1.5617 
© | 1.2494 | 1.668 || 1.2661 | 1.6303 1.2837 | 1.5947 || 1.3022 1.5611 
I | 1.2407 | 1.6674 |! 1.2664 | 1.6207 || 1.2840 | 1. 5942 || 1.3025 | 1.5606 
2 | 1.2409 | 1.6668 || 1.2667 | 1.6201 1.2843 | 1.5036 || 1.3029 | 1.5600 
3 | 1.2502 | 1.6661'|| 1.2670 | 1.6285 || 1.2846 1.5930 || 1.3032 | 1.5595 
4 | 1-2505 | 1.6655 |} 1.2673 | 1.6279 || 1.2849 I-5924 || 1.3035 | 1.5590 | 
5 | 1.2508 | 1.6648 || 1.2676 | 1.6273 1.2852 | 1.5910 || 1.3038 1.5584 | 
6 | 1.2510 | 1.6642 1.2679 | 1.6267 || 1.2855 | 1.5013 1.3041 | 1.5570 
7 | 31-2513 | 1.6636 || 1.2681 | 1.626r |} 1.2858 1.5907 || 1.3044 | 1.5573 
8 | 1.2516 | 1.6629 || 1.2684 1.6255 || 1.2861 | 1.5901 || 1.3048 1.5568 
9 | 1.2519 | 1.6623 || 1.2687 | 1.6240 1.2864 | 1.5806 || 1.3051 1.5563 
> | 1.2521 | 1.6616 || 1.2690 | 1.6243 1.2867 | 1.5890 || 1.3054 1.5557 
’ | Co-sec.| Src. ‘O-SEC, | Sec. |/Co-sec.! Src. ||Co-src.! Sc. 
53° 52° 61° 50° 
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886 SHOP TRIGONOMETRY 
40° 41° 42° 
Sec. |Co-src.|} Sec. |Co-src.|| Sec. | Co-src. 
o | 1.3054 | 1.5557 || 1-3250 | 1.5242 || 1.3456 | 1.4045 
I | 1.3057 | 1-5552 |] 1-3253 | 1-5237 || 1.3460 | 1.4940 
2 | 1.3060 | 1.5546 || 1.3257 | 1.5232 || 1-3463 | 1.4035 
3 | 1.3064 | 1.5541 1.3260 | 1.5227 || 1.3467 | 1.4930 
4 | 1.3067 | 1.5536 || 12-3263 | 31-5222 || 1.3470 | 1.4025 
5 | 1.3070 | 1.5530 || 1.3267 | 1.5217 || 1-3474 | I-4021 
6 | 1.3073 | 1.5525 || 1.3270 | 1.5212 || 1.3477 | 1-4016 
7 | 1.3076 | 1.5520 || 1.3274 | 1.5207 || 1.3481 | 1.4911 
8 | 1.3080 | 1.5514 ||} 1.3277 | 1-5202 || 1.3485 | 1.4906 
9 | 1.3083 | 1.5509 || 1.3280 | 1.5107 || 1-3488 | 1.4901 
ro | 1.3086 | 1.5503 || 1.3284 | 1.5192 |] 1.3402 | 1.4807 
11 | 1.3089 | 1.5408 || 1.3287 | 1.5187 || 1.3495 | 1.4802 
12 | 1.3092 | 1-5403 |} 1.3290 | 1.5182 |] 1.3409 | 1-4887 
13 | 1.3006 | 1.5487 || 1.3204 | 1.5177 || 1-3502 | 1.4882 
14 | 1.3099 | 1.5482 |] 1.3297 | 1-5171 || 1.3506 | 1.4877 
15 | 1.3102 | 1.5477 || 1.3301 | 1.5166 || 1.3509 | 1.4873 
16 | 1.3105 | 1.5471 || 1.3304 | 1.5161 || 1.3513 | 1-4863 
17 | 1.3109 | 1.5406 || 1.3307 | 1.5156 |) 1.3517 | 1-4863 
18 | 3.3112 | 1.5461 || 1.3311 | 1.5151 || 1.3520 | 1.4858 
1g | 1.3115 | 1.5456 || 1.3314 | 12-5146 || 1.3524 | 12-4854 
20 | 1.3118 | 1.5450 || 1.3318 | 1.5141 |] 1-3527 | 1-4849 
21 | 1.3121 | 13-5445 || 1.3321 | 1.5136 13-3531 | 1.4844 
22 | 1.3125 | 21-5440 || 1.3324 | 1.5131 || 1.3534 | 31-4839 
23 | 1.3128 | 1.5434 || 1.3328 | 21-5126 || 1.3538 | 31-4835 
24 | 1.3131 | 1.5429 || 1-3331 | 1-512I || 1.3542 | 1-4830 
25 | 1.3134 | 1.5424 || 1-3335 | 1-5%16 || 1.3545 | 1.4825 
26 | 1.3138 | 1.5410 || 1.3338 | 1-5111 || 1.3549 | 1-482 
27 | 1.3141 | 1-5413 || 1.3342 | 1.5106 || 1.3552 | 12-4816 
28 | 1.3144 | 1.5408 || 1.3345 | 1.5101 || 1.3556 | 12-4811 
20 | 1.3148 | 1.5403 || 1.3348 | 1-5006 || 1.3560 | 1.4806 
30 | 1.3151 | 1.5398 |] 1.3352 | 12-5002 || 1.3563 | 21-4802 
31 | 1.3154 | 1.53092 || 1.3355 | 1-5087 || 1.3567 | 1.47907 
32 | 1.3157 | 1-5387 || 1-3359 | 1-5082 || 1.3571 | 1-4702 
33 | 1.3161 | 1.5382 || 1.3362 | 1.5077 || 1-3574 | 12-4788 
34 | 1.3164 | 1.5377 || 1.3306 | 1.5072 |] 1.3578 | 12-4783 
35 | 1-3167 | 1.5371 || 1-3360 | 1.5067 || 1.3581 | 1.4778 
36 | 1.3170 | 1.5366 || 1.3372 | 1.5062 || 1.3585 | 1.4774 
37 | 1-3174 | 1-536r || 1-3376 | 1.5057 || 21-3589 | 1-4760 
38 | 1.3177 | 12-5356 || 1.3379 | 1-5052 || 1.3502 | 1.4764 
39 | 1.3180 | 1.5351 || 1.3383 | 1.5047 || 1.3596 | 1.4760 
40 | 1.3184 | ‘1.5345 || 1.3386 | 1.5042 || 1.3600 | 1.4755 
41 | 1.3187 | 1.5340 || 1.3390 | 1.5037 || 1.3603 | 1.4750 
42 | 1.3190 | 1.5335 || 1-3393 | 1-5032 || 1.3607 | 1.4746 
43 | 1-3103 | 1-5330 || 1-3397 | 1.5027 || 1.3611 | 1.4741 
44 | 1.3197 | 21-5325 || 1.3400 | I'5022 || 1.3614 | 1.4736 
45 | 1.3200 | 1.5319 |} 1-3404 | 1-5018 || 1.3618 | 1.4732 
46 | 1.3203 | 1.5314 || 1.3407 | 1.5013 || 1.3622 | 1.4727 
47 | 31-3207 | 1.5309 || 1-3411 | 1.5008 || 1.3625 | 1.4723 
48 | 1.3210 | 1.5304 || 1.3414 | 1.5003 || 1.3629 | 1.4718 
49 | 1.3213 | 1.5290 || 1.3418 | 1.4998 || 1.3633 | 1-4713 
50 | 1.3217 | 1.5204 || 1.3421 | 1-4993 || 1.3636 | 1.4709 
51 | 1.3220 | 1.5280 || 1.3425 | 1.4988 |] 1.3640 | 1.4704 
52 | 1.3223 | 1.5283 || 1.3428 | 1.4983 || 1-3644 | 13-4600 
53 | 1.3227 | 1.5278 || 1.3432 | 1-4979 || 1.3647 | 1.4605 
54 | 1.3230 | 1.5273 || 1.3435 | 1.4074 || 1-3651 | 1.4690 
55 | 1.3233 | 1.5268 || 1.3430 | 1.4960 || 1.3655 | 1.4086 
56 | 1.3237 | 1.5263 || 1.3442 | 1.4964 || 1.3658 | 1.4681 
57 | 1.3240 | 1.5258 || 1.3446 | 1.4950 || 1.3662 | 1.4676 
58 | 1.3243 | 1-5253 || 1.3440 | 1-4954 || 1.3666 | 1.4672 
50 | 1.3247 | 1.5248 || 1.3453 | 1-4949 || 1.3660 | 1.4667 
60 | 1.3250 | 1.5242 |] 1.3456 | 1.4045 || 1.3673 | 1.4663 
’ | Co-sEc. . ||Co-sEc. | Sc, |}Co-sEc.| Src. 
49° ar een 


SECANTS 887 
44° 44° 44° 
Src, | Co-sEc.| ” || ” Src. | Co-src.| 7 ! Sec |Co-src.} ¢ 
1.3902 | 1.4395 | 60 || 21 | 1.3024 | 1.4305 | 39 || 41 | 1.4065 | 1.4221 | 10 
1.3005 | 1.4301 | 59 || 22 | 1-3088 | 1.4301 | 38 || 42 | 1.4069 | 1.4217 13 
1.3009 | 1.4387 | 58 || 23 | 1.3002 | 1-4207 | 37 || 43 | 1-4073 | 1-4212 | 17 
1.3913 | 1.4382 | 57 || 24 | 1.3006 | 1.4202 | 36 || 44 | 14077 | 1.4208 | 76 
1.3017 | 1.4378 | 56 || 25 | 1-4000 | 1.4288 | 35 || 45 | 1 4081 | 1.4204 | 15 
1.3921 | 1.4374 | 55 || 20 | 1-4004 | 1.4284 | 34 || 40 1.4085 | 1.4200 | 14 
1.3925 | 1.4370 | 54 || 27 | 1-4008 | 1.4280-}33 || 47 1.4089 | 1.4196 | 13 
1.3929 | 1.4365 | 53 || 28 | 1.4012 1.4276 | 32 || 48 | 1.4003 | 1.4192 | 12 
1.3033 | 1.4301 | 52 || 20 | 1.4016 | 1.4271 | 31 || 40 | 1.4007 1.4188 | 11 
1.3037 | 1.4357 | 5x || 30 | 1-4020 | 1.4267 | 30 || 50 | 1.410x | 1.4183 | 10 
1.3041 | 1.4352 | 50 || 31 | 1.4024 | 1.4263 | 20 || 51 | 1.4105 | 1-4179 | 9 
1.3045 | 1.4348 | 40 || 32 | 1-4028 | 1.4250 | 28 || 52 | 1.4109 | 1.4175 8 
1.3049 | 1.4344 | 48 || 33 | 1.4032 | 1-4254 | 27 || 53 | 1.4113 | 14t71 | 7 
1.3053 | 1.4339 | 47 || 34 | 1-4036 | 31-4250 | 26 || 54 | 1-4117 1.4167 6 
1.3957 | 1.4335 | 46 || 35 | t-4o4o | 1.4246 | 25 || 55 | 1.4122 | 1.4163 | 5 
1.3060 | 1.4331 | 45 || 36 | 1.4044 | 1-4242 | 24 || 56 | 1.4126 | 1.4150 4 
1.3064 | 1.4327 | 44 || 37 | 1-4048 | 1.4238 | 23 || 57 | 1-4130 | 1.4154 | 3 
1.3968 | 1.4322 | 43 || 38 | 1-4052 | 1.4233 | 22 || 58 | 1.4134 | 1.4150 2 
1.3072 | 1-4318 | 42 || 30 | £-4056 | 1.4229 | 21 || 50 1.4138 | 1.4146 I 
1.3076 | 1.4314 | 41 || 40 | 1.4060 | 1.4225 | 20 || 60 | 1.4142 | 1.4142 ° 
1.3980 | 1.4310 | 40 
Co-sec.! Src. | ” || ’ | Co-szc.) Sec. | ’% || 7 | Co-szc! Src, | 7” 
45° 45° 45° 
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DICTIONARY OF SHOP TERMS 


A 


Angle Irons or Plates—Usually castings, for holding work at any 
desired angle to the cutting tool. Made for use on the face 
plate of a lathe or table of milling machine, planer, boring 
mill, etc. 


Anvils—Blocks of iron or steel on which 
metals are hammered or forged. Usu- 
ally havea steel face, A square hole 
is usually provided for holding hard- 
ies, fuller blocks, etc. 


Apron—A protecting or covering plate that encloses any mecha- 
nism, such as the apron of a lathe. 

Arbor—A shaft or bar for holding cutting tools. Frequently has a 

et peta" taper shank fitting the spindleof a machine. 

‘re ae Se en pl The term was formerly used interchange- 

ib agree ah ably with ‘mandrel’ on which work 

is held. See Mandrel. 


B 


Babbitt Metal—A general name applied to soft bearing metals. 
Named after man who deyised a good tin and copper alloy. 
Antimony and Jead are also frequently used in small quantities 
in the mixture. 

Back Lash—Lost motion in moving parts, such as a screw in its nut 
or in the teeth of mating gears. 

Backing-off—Removing metal behind the cutting edge to relieve 
friction in cutting, as in taps or reamers. 

Back Rest—A rest for supporting slender work in turning or grind- 
ing. When the rest follows the cutting tool, it is frequently 
called a ‘‘follow or follower rest.” 

Balance, Dynamic or Running—Securing the proper distribution of 

_ weight so that shafts or pulleys will run without vibration. 

Balance, Static or Standing—Distributing the weight of pulleys or 
shafts so that, when placed on knife-edge ways, they will stand 
in any position. If unbalanced, the heavy side rolls to the 

bottom. 

Balancing Ways—Level strips or sharp-edged disks for testing 

. shafts or pulleys for standing balance. ‘The disks are usually 

~ mounted on ball bearings. 

Bastard—Not regular. Seldom used except as applied to a file or 

~ thread of irregular cut or shape. 

Bearing—T he support in which a shaft revolves. May be plain, 

ball or roller. The latter interpose balls or rollers between the 

shaft and the support to reduce friction. Frequently called 
anti-friction bearings. 
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Bench, Inspection—A bench with a level top, frequently of cast 
iron, on which finished work can be inspected with surface 
gages and similar instruments. 

Bench, Laying-out—A metal bench or plate having a level metal 
top, on which work can be laid out for future machining opera- 
tions. Both of these are sometimes called leveling benches. 

Bevel—Any surface not at right angles to the rest of the 
piece. When at 45 degrees the bevel is frequently called a 
miter. Name is also given to tool for measuring or laying off 
bevels. When combined with a scale of degrees, it is called 
a bevel protractor. 

Blocks, “Jo”—Shop name for Johannssen measuring blocks which; 
are very accurate. 

Blocks, Hoisting—Any combination pulleys and ropes or chains 
by which weights are lifted. They are usually hand operated] 
but in some few cases employ either electric or air motors.) 
Differential, planetary or worm gearing is used. 

Blow Pipe—A device for mixing a jet of 

( air with a flame both to direct the 
flame and to increase the heat. The 

upper picture shows the type used with 
an alcohol lamp, while the lower mixes) 
both gas and air by means of the pipes 

and valves shown. t 

Blow Torch—A portable device for securing intense local heat} 
Used by plumbers and for similar work, 


BOLTS 


Agricultural Bolt—Agricultural bolts, as indicated by the name, ar¢ 

a ee copipseene and oral 

—S The body of the bolt has a series of hel-_ 

8 ical lands and grooves which are formec} 

by a rolling process. i 

Boiler-patch Bolt—A bolt used in fasten-| 

ing patches on boilers. The patch is) 

countersunk for the cone head, anc! 

boiler shell tapped for bolt thread.) 

The square head is knocked off aftei) 

bolt is in place. H 

Expansion Bolt—In attaching parts to brick, stone or concret« 

walls and floors, expansion bolts arc 

frequently employed. The “Star” boli) 

in the illustration has an internally 
threaded, split sleeve which is slippec 

into a hole made in the wall and then expanded by running it| 

the screw. : a] 


Hanger Bolt—This bolt is used fo} 
attaching hangers to woodwork anc 
consists of a lag screw at one en¢ 
with a machine bolt thread and nu’ 
at the other, 


~ Machine Bolts 


hn 


Hexagon Head 


Round Head 


bats 


Tire 
Oval T-Head 


Step 


Deck 


Sian ri 


Sink 


AMD 
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Square Head 


Square Countersunk Head 


Miscellaneous Bolts 


Loom or Carriage 


Joint 


> 


Bridge or Roof 


Track 


Hook 


892 BOLTS—Continued 


Plow Bolt—Several types of plow an¢ 
7 cultivator bolts are shown in thi 
F accompanying engravings, the form| 
A illustrated being typical of a variet: 
of bolts manufactured for agricul) 
tural apparatus. 
A—Large Round Head 
B—Square Head 
C—Round Head, Square Shank 
D—Round Head 
E—Key Head 
F—Tee Head 
G—Button Head 
H—Concave Head 
I—Reverse Key Head 
J—iarge Key Head. 


Stove Bolt—Stove bolts are made i: 
sizes ranging from 4 to ginch. Th 
heads commonly formed are th 
round, or button head, and the fla 
or countersunk head. 


Round or Button Head 


Tap Bolt—Tap bolts are usually threade 
the full length of the body, which ij 
not machined prior to running on th 
die. Only the point and the unde 
side of the head are finished. The 
are also made with square heads. 


Hexagon Head 


Bolt Cutter—Machine for cutting threads on bolts. 


Bolt Header—Machine for upsetting the bolt body to form th! 
head. 

Bolster—A block sometimes called th 
die block, in which a punch pres’ 
die is held. It is attached to th] 
bed by bolts at either end. 


Boring and Turning Mill—Machin)®. 
having a rotating horizontal tabl)” 
for the work with one or more sta), 

tionary vertical tools for boring, turning or facing; a turret j|* 

often provided for holding a number of tools in one of th) 
heads. Sometimes has a tool head on side rail. Often calle’ 

“vertical mill.” Horizontal boring machines are not usuall! 

called ‘‘ mills.” 


Bolster 


BORING MILL 
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BORING MILL, VERTICAL 


. Ram. 
. Swivel clamp. 
Arch. 


By Reeaaox: 


. Change gear lever. 
. Back gear lever. 
. Feed reverse lever. 


. Feed back gear’lever. 


. Tumbler lever. 


6. Start and stop lever. 


. Vertical feed lever, 

. Cross feed lever, 

. Rapid traverse handle. 
. Rail screw. 

- Feed clutch. 

. Crank handle. 

- Tool holder. 

. Swivel segment gear. 

. Feed ro 

. Reed shaft. 


Rapid traverse shaft. 


- Horizontal rapid traverse shaft. 
. Elevating gear. 


Elevating device. 


. Elevating shaft. 
. Elevating screw. 


894 BORING MACHINE—BULL WHEEL 
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BORING MACHINE, HORIZONTAL 


1. Spindle feed clutch. 13. Hand adjustment for sadd 
2. Quick hand spindle movement. micrometer dial. 
3. Interlocking back gear levers 14. Reverse lever for feed and quit 
4. Head locking lever. return. 
5. Slow spindle movement. 15. Feed change levers. 
6. Spindle. 16. Head elevating screw. 
7. Tail block clamp. 17. Feed and quick return lever. 
8. Back rest base clamp. 18. Removable bed guard. 
9. Power control lever. ro. Platen feed trip lever. 
10. Speed change levers. 20. Limit stop to platen. 
11. Interlocking feed levers. 21. Saddle clamp. 
12. Hand adjustment for head, 22. Hand adjustment for plate 
micrometer dial. micrometer dial. 


Brass—An alloy of copper with zinc and lead. 


Brazing—The joining of metals by the use of copper filings | 
chips and borax or some other flux. This is usually call 
spelter or hard solder and can be applied to almost any of tl 
harder metals. 


Brazing Clamps—Clamps to hold the ends of band saw or oth 
work for brazing. 


Broach—A tool which is pray ticelly a series of chisels or cuttil 


edges for enlarging holes or changing their shape. The san 
name is sometimes given to a small reamer used by jewelers. 


Bronzes—Alloys of copper and tin. Used in coinage, bells, stat 
ary, musical instruments, etc. 

Bulldozer—Heavy forming machine for bending iron or steel and 
which the dies move horizontally. Very similar to a forgil 
press. + 

Bull Blocks—Blocks through which wire or rods are drawn to redu 
size. 


Bull Wheel—Usually applied to the gear of a planer which mesh 
into the rack under the table and drives it. 


CALIPERS 895 


Bunsen Burner—A device for securing a 
very hot flame by mixing air and gas 
in a chamber behind the flame. The 
one shown has two side pieces which 
make the flame flat instead of round. 

Burnishers—Tools .of hardened and polished. steel for finishing 
metals by friction. They are held against the revolving work 
and give a smooth surface by compressing the outer layer 
of the metal. 

Bushing—Tube or shell supported by other material. Hardened 
bushings are used in jig work to guide drills or other tools. 
Bushings are frequently used as bearings for revolving shafts. 

Butt Joint—A riveted joint with the ends of the plates abutting 
squarely against each other. 

Butt Weld—A weld in which the ends of the two pieces simply abut 
against each other for welding together. 


Cc 
CALIPERS 


Firm Joint Calipers—Having a large, firm 
mera. joint in place of old style plain riveted 
—— - joint. This shows an inside caliper. 


Gear Tooth Caliper—A caliper with two 
beams at right angles. The vertical 
beam gives tooth depth to pitch line 
and the other the thickness at pitch 
line. Both have verniers. Used in 
measuring teeth for accuracy. 


Hermaphrodite Caliper—A combination of 
one leg of a divider and one leg of a 
caliper. Used in testing centered work 


and in laying off distances from the edge 
of a piece. 

Keyhole Caliper—Has one straight leg and 
the other curved. 


Micrometer Caliper—A, measuring in- 
strument consisting of a screw and 
having its barrel divided into small 
parts so as to measure slight degrees 
of rotation. Usually measure to thou- 
sauces, sometimes to ten-thousand- 
ths. 


896 CALIPERS—CAM 


Odd Leg Caliper—Calipers having both legs 

pointing in the same direction, Used in 

XS measuring shoulder distances on flat work, 
boring half round, boxes, etc. 

Outside, Spring Caliper—Tool for measur- 
ing the outside diameter of work. Con- 
trolled by spring and threaded nut. 
Nuts are sometimes split or otherwise 
designed to allow rapid movement when 
desired, final adjustment being made by 
screw. 

Slide Caliper—A beam caliper made with |! 
a graduated slide. Generally made 
small for carrying in the pocket. 


Square-micrometer Caliper—A beam 
caliper having jaws square with the 
blade, and having a vernier-microm- 
eter adjustment to read to thou- 
sandths of an inch. 

Transfer Caliper—Caliper which can be set to a given size, the 

auxiliary arm set, and the calipers opened}! 

= at will, as they can be reset to the auxili- 
—— SO) ary arm at any time. Used to caliper 
olgv eel bere recesses and places where the legs must 


be moved to get them out. 


Cam, Drum or Barrel—The drum cam} 
has a path for the roll cut arounc 
the periphery, and imparts a to-and. 


fro motion to a slide or lever in 4 
plane parallel to the axis of the cam 
Sometimes these cams are built uf 
of a plain drum with cam plates 
attached. 


Cam, Edge—Edge or peripheral cams (alse 
called disk cams) operate a mechanism }i( 
in one direction only, gravity, or a spring 
being relied upon to hold the cam roll ir 
contact with the edge of the cam. O1 
the cam shown, a to 6 is the drop; 0 to | 


the dwell; c to d, rise; d to a, dwell. 


| 
Cam, Face—Face cams. have a groovi 
or roll path cut in the face and oper 
ate a lever or other mechanism posi 
tively in both directions, as the ro) 
is always guided by the sides of thy 
slot. 


CARBONIZING—CHATTERING 897 


|Carbonizing or Carburizing—The heat treatment of steel so that the 

| outer surface can be hardened. The surface absorbs carbon 
from the material used. 

Case-hardening—A surface hardening by which the outer skin of a 
piece of iron or steel that has absorbed carbon will harden when 
cooled in water. 

|Cat Head—A collar or sleeve which fits loosely over a shaft and is 

clamped to it by set screws. Used-for steady rest to run on 

| where it is not desired to run it on the work. 

i Same name is also given to the head carrying cutters on boring 

bars. 

‘Center, Dead—The back center or the stationary center on which 

the work revolves. On many grinding machines both centers 
are dead. 

Center, Live—The center in the revolving spindle of a lathe or 

|| similar machine. It is highly important that this should run 

| true or it will cause the work to move in an eccentric path. 

Center Punch—Punch for marking points 
on metal. Made of steel with a sharp 
point and hardened. Often called a 

| prick punch. 

\Center Punch, Automatic—Has a spring-actuated hammer in the 

handle, which is released when the handle is pressed way down. 
The point can be placed where desired 
and the blow given by a pressure of 
the hand. In some cases the blow 
can be varied. 

Center Punch, Bell or Self-centering— 
A center punch sliding in a bell or 
cone-mouthed casing so when placed 
square over the end of any bar it will 
locate the center with sufficient accu- 

|S? racy for most purposes. 

Center Punch, Locating—Having an extra leg which has a spring 
point and is adjustable. The spring is placed in the first 


: punch mark and so locates the next 
es i ee punch mark at the right distance from 
| the fi 


rst. 
ons Machines—For drilling and reaming center of work for 


the lathe or grinder. 

Chamber—A long recess. See Recess. 

Chasers—Tools used for cutting threads by chasing. Usually have 

several teeth of right pitch, but name is sometimes applied to a 

single-point tool used in brass work on a Fox lathe. Chasers 

are made circular or flat. 

Chasing Threads-—Cutting threads by moving a single tool along the 

_ work at the right speed to give the proper pitch. Distinguishes 
between threads cut with a die and those cut with a threading 

I tool. 

Chattering—Caused by a slight jumping of the tool away from the 
work or vice-versa, and leaves little ridges on the surface. 
Due to springing of the tool, work or machine, 
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Chipping—The cutting of metal with cold chisel and hammer. 
Also used when a piece “chips” or breaks out of a piece or punch. 

Chisel, Cape—Chisel with a narrow blade for cutting keyways and 
similar work. 


Ca] 
Flat Cold Chisel Chisel, Cold—Any chisel for cutting cold 


Sey metal. Name is usually applied to 


plain flat cold chisel, as in illustration. 


Diamond Chisel, Diamond or Lozenge—Similar 
to a cape chisel but with square end 
_—————————)) and cutting edge at one corner. 
Cape Used for cutting a sharp-bottomed 
: groove. 


Round 

Chisel, Round—A round-end chisel with the cutting edge ground 
back at anangle. Used for cutting oil grooves and similar work. 

Chuck, Draw—Operated by moving longitudinally in a taper bear- 
ing. Used on precision work. 

Comparator—Name given to a machine designed by James Hart- 
ness to measure screw threads and similar parts by projecting 
an enlarged shadow on a chart to compare the screw with the 
desired standard. 

Cotter, Spring—Also called split cotter, split pin, etc. Used ina 

hole drilled crosswise of a stud, shaft o1 


some similar member, and its ends) 
spread apart to retain it in place and 
keep some member carried by the shaft 


from slipping off. 
Counterbore—Has a pilot to fit a hole already drilled, or drilled 
‘and reamed, and its body with cutting 
edges on the end is used to enlarge the 
io ee mE EL hole to receive a screw head or body o1 
for some similar purpose. 
Countershaft—An intermediate shaft, between the main drive 


and the final shaft or spindle. Used for starting, stopping and’ 
reversing machinery. 


Sy Coupling, Compression—Grips shafting by) 
— drawing together tapered parts. This 
forces them against shaft and holds it 
firmly. Bolts parallel with shaft draw 
parts together. 


Coupling, Clamp—Couplings made in 
two or more parts, clamping around 
the shafts by transverse bolts. Hold) 
either by friction or have dowels ir| 
shaft. Sometimes called compres-| 
sion although this is confusing. | 
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Coupling, Friction—Couplings which depend on frictional contact. 

Coupling, Jaw or Clutch— Positively engaged by jaws or projections 

_ on the face of opposin parts. 

Coping Machine—For cutting away the flanges and corners of 
beams and bending the ends. 


Counter, Revolution— Device for counting 
the revolutions of a shaft. Generally 
made with a worm and a gear hav- 
ing too teeth so that one turn of dial 
equals roo revolutions. 


Crane, Gantry—Traveling cane mounted on posts or legs for yard 
use. 

Crane, Jib—Crane with a swinging boom or arm. 

Crane, Locomotive—Crane mounted on a car with an engine so as 
to be self-propelling on a track. 

Crane, Monorail—Traveling crane that is suspended from a single 
rail. Sometimes carries an operator in a suspended page, or 
is operated from the floor or a central control point. 

Crane, Pillar—Having the boom or moving arm fastened to pillar 
or post. 

Crane, Portable—Hoisting frame on wheels which can be run 
around to the work and used to handle work in and out of 
lathes and other machines. 

Crane, Post—Sce Crane, Pillar. 

Crane, Traveling—Crane with a bridge or cross-beam having wheels 
at each end so that it can be run on overhead tracks to any 
point in the shop. 

Crimping—Fluting, corrugating or compressing metal ring to 
reduce its diameter. 

Cross-rail—The part of a planer, boring mill or similar machine on 
which the tool heads or slides move and are supported. 

Cutters, Flue Sheet—Special cutters for making holes, as for flues, 
in flue sheets or in other sheet metal or structural work. 


CUTTERS, MILLING 


Angular Cutters—Such cutters are used 
for milling straight and spiral mills, 
ratchet teeth, etc. Cutters for spiral 
mill grooving are commonly made 
with an angle of 12 degrees on one 
side and 4o-, 48- or 53-degree angle 

4 on the other. 

Cherry—A form of milling cutter which is more strictly a formed 


reamer, for finishing out the interior 
ohh of a die or some similar tool. The 


cherry shown is for a bullet mold. 
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Convex and Concave Cutters—Conve: 
and concave cutters are used for mil 
ling half circles. The convex cutte 
is often used for fluting taps anc 
other tools. Like all other formec 
cutters the shape is not affected by 
the process of sharpening, 


Corner-rounding Cutters—Left-hand 
double, and right-hand cutters o 
this type are used for finishin; 
rounded corners and edges of work 
The shape of the cutter is not alterec 
by grinding on the face of the teeth 


Cotter Mill—This type of mill is usec 
for cutting keyseats and other slot 
and grooves. 


Dovetail Cutters—Inner and outer dove 
tails are milled with these tools, an 
edges of work conveniently beveled. 


End Mill—This mill, sometimes calle 
a butt mill, is used for machinin; 
slots, milling edges of work, cuttin 
cams, etc, 


Face and Formed Cutters—The face cui 
ter to the left, of Brown & Sharp 
inserted tooth type, is made in larg 
sizes and cuts on the periphery an 
ends of teeth. | 

The formed cutter to the right ma 
be sharpened by grinding on the fac’ 

Face Formed without changing the shape. | 


Fish-tail Cutter—A simple cutter fe 


milling a seat or groove in a | 
or other piece. Usually operated ¢) 
high speed and with a light cut an 


feed. 
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Fluting Cutters—Cutter A is an angu- 
lar mill for cutting the teeth in spiral 
mills, cutter B is for tap fluting and C 
for milling reamer flutes. In each 
case the cutter is shown with one 
face set radial to the center of the 
work. See End Mill, 


Fly Cutters—Fly cutters are simple formed 
cutters which may be held in an arbor 
like that shown at the top of the group. 
The arbor is placed in the miller spindle 
and the tool or other work to be formed 


is given a slow feed past the revolving 
cutter. After roughing out, the cutter 
can be held stationary and used like a 
planer tool for finishing the work which 
is fed past it and so givena scraping cut. 


Gang Cutters—Cutters are used in a 
gang on an arbor for milling a broad 
surface of any desired form. The 
cutters shown have interlocking and 
overlapping teeth so that proper 
spacing may be maintained. In 
extensive manufacturing operation 
the gangs of cutters are usually kept 
set up on their arbor and never 
removed except for grinding, 
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Gear Cutter (Involute)—In the Brown & 
Sharpe system of involute gear cutters, eight 
cutters are regularly made for each pitch. 

Such cutters are always accurately 
formed and can be sharpened without affect- 
ing the shape of the teeth. 
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Gear Cutters, Duplex—The Gould & Eberhart 
duplex cutters are used in gangs of two or 
more; the number of cutters in the gang 
depending on the number of teeth in the 
gear to be cut. 


Gear Stocking Cutter—The object of 
stocking cutters is to rough out the 
teeth in gears, leaving a smaller 
amount of metal to be removed by 
the finishing cutter. They increase 
the accuracy with which gears may 
be cut, and save the finishing cutter 
as well. 


Hob—A form of milling cutter with teeth spir- 
ally arranged like a thread on a screw and 
with flutes to give cutting edges as indicated. 
Used for cutting the teeth of worm, spur, 
helical or herringbone gears. Hobs are 
formed and backed off so that the faces of 
the teeth may be ground without changing 
the shape. 


fim Inserted Tooth Cutter—Inserted tooth cutters 
‘ have various devices for holding the blades in 
i position in the bodies. Inserted tooth con- 
struction is generally recommended for cutters 
6 inches or larger in diameter. 


Rose Cutter—The hemispherical cutte1 
known as a rose mill is one of a large 
variety of forms employed for working 
out dies and other parts in the profiler 
Cutters of this form are also used fo1 
making spherical seats for ball joints 
etc. 
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Screw-slotting Cutter—Screw-slotting cutters 
have fine pitch teeth especially adapted for 
: the slotting of screw heads and similar 
work. The cutters are not ground on the 
G3) sides. They are made of various thick- 
nesses corresponding to the numbers of 
the American Wire Gage. 


Shell-end Cutter—Shell-end mills are de- 
signed to do heavier work than that for 
which the regular type of end mills are 
suited. They are made to be used on an 
arbor and are secured by a screw in the 
end of the arbor. The end of the cutter 
is counter-bored to receive the head of 
the screw and the back end is slotted for 
driving as indicated. Hole is tapered 
s inch per foot. 

Side, or Straddle, and Slabbing Cutters— 
Side cutters like that to the left, cut 
on the periphery and sides, are suitable 
for milling slots and when used in pairs 
are called straddle mills. May be 
packed out to mill any desired width 
of slot or opposite faces of a piece of 
any thickness. 

Slabbing cutters are frequently made with nicked teeth to 

break up the chip and so give an easier cut 
than would be possible with a plain tooth. 


Slitting Saw, Metal—Metal slitting saws are 
thin milling cutters. The sides are finished 
true by grinding, and a little thicker at the 
outside edge than near the center, for 
proper clearance. Coarse teeth are best 
adapted for brass work and deep slots and 
fine teeth for cutting thin metal. 


Straight-shank Cutter—Straight-shank 
SST] cutters of small size are extensively 


used in profilers and vertical millers 


— | for die sinking, profiling, routing, etc. 
They are held in spring chucks or 


collets. 
T-slot Cutter—Slots for bolts in miller 
Left Hand and other tables are milled with T- 
slot cutters. They are made to 
pag 5 standard dimensions to suit bolts 
6: {of of various sizes. The narrow part 
nee 4 eit an Y of the slot is first milled in the 
FGatser: Gace: casting, then the bottom portion is 


widened out with the T-slot cutter, 
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D 


Derrick—Structure consisting of a fixed upright and an arm hinged 
at bottom, which is raised and lowered and usually swings 
around to handle heavy loads. 

Dial Feed—A revolving disk which carries blanks to the punch 
and die, or to other tools. 

Diamond Hand Tool—Used for dressing grinding wheels after they 

have been roughed out with the cheaper 

DD forms of cutters. Fixed diamonds are 

usually considered better than those 
held by hand. 

Die Chasers—Threaded sections inserted in a die head for cutting 
bolts and screws. 

Die, Screw Plate or Stock—A frame or 

a handle for holding a threading die. 

eee eae Seba rig die and handles are of one 
a ece. 
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outside. 


Dies, Bolt—Dies for cutting bolts. Some are solid, others adjust- | 
able. Some for hand-die stocks or plates but mostly for 
machine bolt cutters. 


DIES, PUNCH PRESS 


Bending Dies, Compound—In compound bending dies of the type 
shown, the work is car- 
ried down into the die 
by punch A, and held 

The Work there while the beveled 


Y 
, Drm, 2 fingers B act upon the 


slides C and cause them 
=] <= to move forward in the 


top of die D and bend 


the material to the out- 
CZ, 
NY 


punch the slides C are) 
pressed outwardly by | 
their springs and the 
bent piece of work is) 
removed by the punch from the die. It will be seen that the) 
holder for punch A, upon which depends the interior form of | 
the piece being bent, is not positively secured in its holder, but | 
is instead adapted to slide up and down in its seat although’ 
prevented from turning by a small pin at the upper end of the 
shank which is engaged by a slot in the uate carrier. The 
springs shown above the punch proper tend to hold the punch) 


the up-stroke of the’ 
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in its lower position and at the same time after the punch has 
passed down into the die allow the punch carrier to descend 
still further to press fingers B into operation against slides C 
which bend the work to the outline of the punch. 


Bending Dies, Plain—Simple bending 
dies are made with the upper face 
of the die and the bottom of the 
punch shaped to conform to the bend 
it is desired to give the blank. A 
common type is shown in the en- 
graving. 


In simple bending dies the upper face of the die is cut out to 
the desired form and the piece of work formed to required shape 
by being pressed directly down into the die by the punch. 


oe Blanking Dies—Blanking dies are about 

the most commonly used of all the 
varieties of press tools. A simple 
form of die is seen in the illustration. 
The strip of sheet metal is fed under 
the stripper and is prevented by that 
member from lifting with the punch 
upon the up-stroke, following the 
punching out of the blank. Where 
several punches are combined in one 
hole for blanking as many pieces 
simultaneously, they are known as 
multiple blanking tools. 


Bulging Dies—The “before and after” 
sketches show the character of the 
work handled in bulging dies. The 
shell after being drawn up straight is 
placed over mushroom plunger A in 
the bulging die, and when the punch 
descends the rubber disk B is forced 
out, expanding the shell into the 
curved chamber formed by the punch 
and die. Upon the punch ascending, 
the rubber returns to its original form 
and the expanded work is then removed. 


' Burnishing Dies—Burnishing dies are made a little smaller at the 
_ bottom than at the top and when the work is forced down 
| through the die, the edge of the piece is given a very high finish 
making polishing and hand-finishing operations unnecessary. 
| The burnishing process also forms a very accurate method of 
| sizing work. 
: 
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Coining Dies—Coining dies are operated in very powerful presses 
of the embossing type 


STNG similar to those used 
VN SSNS) for forming designs on 


silverware, medals, 
YY, jewelry, etc. The po- 
brea 
NG 


sition of the work, the 
retaining collar and 

a the dies are indicated 
at A, B, and C. In the latter section the coin is shown deliv- 
ered at the top of the die. 


Combination Dies—Combination dies are used in single-acting 
presses for such work as cutting a blank and at the same stroke 
turning down the edge 

and drawing the piece 

into the required 

shape. In most cases 

the work is pushed } 

out of the dies by the 

Blavk action of a spring. 
Such a set of dies is 

shown in the engray- 

ing, for making a box 

Ab) Woe kisses wre cover and body. The 
work is blanked by 

cutting punch A, and | 

| formed to the right 

‘Tho Finished Box shape by B and C, the | 
former holding the 

piece by spring pres- 

sure to the block C 

while punch A, con- 

tinuing to descend, draws the box to the required shape. 
Ring D acts as an ejector or shedder and is pressed down, 
compressing the rubber at # during the drawing operation. 
and upon the up-stroke of the punch, ascends and ejects the 
work from the dies. 

Dies of this type, with a spring-actuated punch or die inside | 
the regular blanking tool, are often used for simultaneously | 
blanking and piercing, blanking and bending, etc. 

It will be noticed that the lower view in the group, showing the | 
work at the right-hand side of the sectional illustration of the die, 
represents the box cover and body as they appear when assem- | 
bled after the superfluous metal in the flange or ‘“‘fin”’ has been 
removed in a trimming die. This fin, as left on the piece when 
coming from the combination die, is shown in the: view imme- 
diately under the blank. A trimming die for finishing such 
work evenly is shown on page 912. 
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Compound Dies—Com- 
pound dies have a die 
in the upper punch and 
a punch in the lower 
die. The ferrule-mak- 
ing tools shown have 
a blanking and outer 
drawing punch 4, 
with a central die B, 
to receive lower punch 
C which cuts out the 
center of the ferrule 
blank and allows the 
metal to be drawn down 
inside as well as outside 
of the bevel-edgedmem- 
ber D. As the work is 
drawn down, ring £ 
descends compressing 
rubber cushion F below, 
and upon the return 
movement, the ferrule 
is ejected from the die. 


Cupping Dies—Used for drawing up a cup from a disk or planchet. 


Same as drawing dies. 


Curling Dies—Curling dies are used for producing a curled edge 


around the top of a piece drawn up 
from sheet metal. When the top is to 
be stiffened by a wire ring around 
which the metal is curled, a wiring die 
is used, the construction of which. is 
practically the same as that of the 
curling die. The illustration shows a 
curling die and the appearance of a 
shell at various stages during the oper- 
ation of curling over the edge. The 
diagrams, A, B, C, D, show the prog- 
ress in the curling process as the punch 
descends, pressing down on the edge 
of the straight-drawn shell. 


Dinking Dies—Dinking dies, or hollow cutters, although not usu- 


ally classed with regular dies, are used 
so commonly as to entitle them to be 
listed in that class. They are adapted 
to punching out all sorts of shapes 
from leather, cloth, or paper. The 
edges of the dies (a few specimens of 
which are shown in the engraving) 
are usually beveled about 20 degrees 
outside. Where made for press use, 
the handle is omitted, As a surface 
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for the cutting edge of the die to strike on, a block is built up of 
seasoned rock maple, set endwise of the grain. 


Double Action Dies—This type of die is used in a press which has 
a double acting ram; that is, there are two slides, one inside the 


Cc 


. 


from between the pressure surfaces and into the shape required. 
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other, which have different strokes. 
To the outer slide is fastened the 
combined cutting punch and blank 
holder A, which is operated slightly 
in advance of the drawing punch B 
actuated by the inner slide. The 
blank upon being cut from the stock 
by A, drops into the top of the die at 
C and is kept under pressure by the 
flat end of cutting punch A to pre- 
vent its wrinking, while punch B con- 
tinues downward drawing the metal 


Drawing Dies, Plain—Dies of the type 


shown can be used for shallow draw- 
ing only, as there is no pressure on 
the blank to prevent its wrinkling 
when forced down into the die by the 
punch. The blank fits the recess A 
in the upper face of the die andthe | 
die itself which is slightly tapering is 
made the diameter of the punch plus 
twice the thickness of the wall re- 
quired for the shell. The bottom 
edge B of the die strips the shell from 
the punch when the latter ascends. 

Re-drawing dies are used for draw- 
ing out a shell or cup already formed 
from the sheet metal. In the illus- 
tration, a. shell ready for re-drawing 
is shown in position in the dies, which 
need little explanation. The work 
is located in the upper plate A, and, 
after being forced through the die B, 
is stripped from the punch by edge 
C. Ordinarily, a shell which is to be 


given considerable elongation, is passed through a number of 


redrawing dies. 


Re-drawing dies are sometimes referred to as reducing dies, 
although the latter, as explained under the proper heading 
on page 910, are used for drawing down the end of a shell | 
only, as in the case of a cartridge shell, which is made with a neck 
somewhat smaller in diameter than the body. 
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Fluid Dies—Water or fluid dies are used 
for forming artistic hollow ware of 
silver, and other soft metals, in exact 
reproduction of chased work. The 
die as shown is a hinged mold cast 
from carved models and finished with 
all detailsclean and sharp. The 
shell to be worked is filled with liquid 
and enclosed in the die and a plunger 
in the press ram then descends and 
causes the fluid to force the metal 
out into the design in the die. 


Follow Dies—Follow tools consist of two or more punches and 

dies in one punch holder and die body, these being arranged in 
tandem fashion so that after the first 
operation the stock is fed to the next 


KN point and a second operation per- 


RK WN formed; andsoon. In the die shown, 


tay Zea GC which is for making piece A, the strip 
of metal is first entered beneath strip- 
F 


per B far enough to allow the first 
cr shell to be drawn at the first stroke 
. by punch Cand die D. The metal is 


. then moved along one space and the 
Y | YY WY) shell drawn at the first stroke is cen- 
Z AMZ tered and located within the locating 

portion of piercing die HZ. At the 
next stroke the hole in the center is pierced with punch F, and 
a second shell drawn in the stock by punch and die C and D. 
The stock is then fed forward another space and the blanking 
punch G cuts out the piece from the metal. At the same stroke 
a third piece is being formed on the end of the stock and a 
second hole pierced. Thus three operations are carried on 
simultaneously. 


_ Gang Dies—Gang tools have two or more punches and dies in one 
; holder for making as many openings in 
a blank at one stroke of the press. 
Sometimes dies which perform a num- 
ber of operations on a piece which is 
fed along successively under one punch 
after another are called “gang” dies; 
strictly speaking, however, such tools 


I sare “follow” dies. Where a large num- 
pire tie bith i 3 | ber of punches are combined they are 
| called a multiple punch, or if they are 


of quite small diameter for piercing are sometimes known as 
, perforating punches, 
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Heading Dies—Heading dies strike up the heads on cartridges and 


other shells, and are generally operated in a horizontal heading 
machine. 


Index Dies—For certain classes of work, such as notching the edges 


of large disks or armature punchings, an index die is sometimes 
used consisting of a rotary index plate adapted to carry the work, 
step by step, past the punches which cut out one notch ora series 
of notches at each stroke of the press. 


Perforating Dies—Perforating tools consist of a number of piercing 


tools in one set of dies 
and may be called also 
multiple piercing tools. 
In the example shown, 
which punches a large 
number of holes in a 
disk, the work is held 
by the spring-controlled 
pressure-pad A against 
the face of the die B 
: while the punches at C 
Perforated are forced down through 


So the sheet metal. In 


this case the punches 

are easily replaced when 
broken, by unscrewing the holder from the shank and slipping 
the small punch out from the back. 


EN 


Piercing Dies—Piercing tools are used for punching small holes 


through sheet metal. Where arranged for punching a large 
number of holes simultaneously they are often called perforating 
dies. 


Piercing Dies, Compound—Compound piercing tools have, in addi- 


tion to the regular punches carried by the holder in the ram, a 
set of horizontal punches for making holes through the sides of 
the work. These side punches are operated by slides moved 
inward by wedge-shaped fingers, the arrangement being the 
same as in the case of the compound bending dies, an illustration 
of which is given under that head. 


5 
Reducing Dies—Reducing dies are re-drawing dies for reducing a 


portion of the shell only, whereas the regular re-drawing die 
reduces the whole length. Reducing dies for cartridge shells 
form the familiar “bottle neck’’ shell now so commonly manu- 
factured, with a large body for the powder and a smaller neck 
into which the bullet is secured. In dial feed presses ordinarily 
employed for cartridge-making operations, two or more reducing 
dies are often used for shaping the neck of the shell to the 
required dimensions, each die operating in turn upon the shell as 


it is carried around step by step under the press tools by the) 


intermittent rotary movement of the feeding dial, \ 
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Riveting Dies—Riveting dies for the 
punch press are provided with cavi- 
ties in the working faces to suit the 
shape of the head it is desired to pro- 
duce on-the ends of the rivets. 


Sectional Dies—Frequently dies of com- 
plicated outline are built up in sec- 
tions to enable them to be more 
easily constructed and kept in order. 
This form is resorted to often in the 
case of large dies where a break at 
one point would mean considerable 
expense for a new die. Also the 
difficulties of hardening are reduced 
with the sectional construction. As 
shown, the various parts are secured 
to a. common base or holder. 


1 

Shearing Dies—Shearing dies are used 
for cutting-off operations, and are 
frequently combined with other press 
tools so that after certain operations 
on a piece it can be severed from the 
end of the stock. The shearing tools 
in the engraving are arranged for 
simply cutting up stock into pieces 
of the required length and the punch 
itself is of the inserted type secured 
by pins in its holder. 


Split Dies—Split dies form one type of sectional die—the simplest; 
they are made in halves to facilitate working out to shape, hard- 
ening, and economical maintenance. 


Sub-press Dies—A sub-press and its tools are represented on the 
following page. Such tools are used for small parts which have 
to be made accurately and are very common in watch and type- 
writer shops and similar places. The tools are held positively in 
line in this press and as a result their efficiency is maintained 
indefinitely. The press is slipped bodily into the regular power 
press with the base clamped to the press bed and the neck of the 
sub-press plunger connected with the ram of the press. 
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Swaging Dies—Swaging operations are resorted to where it i 
desired to shape up or round over the edges of work alread 
blanked out. Thus in watch wheel work the arms and inside 
edges of the rims are sometimes swaged to a nicely rounded form 
subsequently to the blanking out of the wheel in the sub-press. 
Swaging dies for such work are of course made with shallow 
impressions which correspond to a split mold between the two 
halves of which the blank is properly shaped. 

Bullet swaging dies receive the slug as it comes from the bullet 
mold and shape the end to the required cone point. 


Trimming Dies—Trimming dies remove 
the superfluous metal left around the 
edges or ends of various classes of 
drawn and formed work. In the case 
shown, the box body A has been 
drawn up and a fin left all the way 
round; this is dropped into the trim- 
ming die B and the punch C in carry- 
ing it through the die trims the edge off 
evenly, as indicated. Work of the 

nature shown in this illustration is blanked, drawn up and formed 
ready for trimming, by means of combination tools, a typical 
example of which will be found under the combination die heading 
on page 906. The box body illustrated here as it appears before 
and after trimming\is shown in connection with the combination 
dies as it appears in the blank, after it is formed, and after 
assembling with its cover. 


Triple-action Dies—These dies are used in triple-acting presses, 
where in addition to 
the double-action slides 
which take the place of 
the regular single-acting 
ram, there is also a 
third slide or plunger 
which operates under 
the table or die bed. 
Exaboaned Piev Thus a piece like that 
(To targer Seale) Shown, which has to be 
blanked, drawn and 
embossed, is operated 
upon from above by 
‘the cutting and draw- 
ing punches A and B, 
and upon the latter 
carrying the drawn 
work down to the face of the embossing die C, that die is forced 
upward by the plunger D beneath and gives the piece the desired 
impression. On the up-stroke of the punch the work is stripped 
from it by edge & and falls out of the press. 
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Wiring Dies— Wiring 
dies are much the 
same in construction 
as plain curling dies. 
In the engraving, 
the wire ring is 
shown at A around 
the top of the shell 
to be wired and ina 
channel at the top 
of the spring-sup- 

Yj) f ported ring B. As 
Bde indicated in the 

lower _ illustration, 

the punch, as it de- 
scends, depresses the 
ring B and curls the 
edge of the shell 
around the wire ring 


Disks, Reference—Accurate disks of standard dimensions for set- 
ting calipers and measuring with. Usually of hardened steel. 


Divider, Spring—The spring tends to force 
the points apart and adjustments are 
made by the knurled nut on the screw. 


Doctor—Local term for adjuster or adapter so that chucks from 
one lathe can be used on another. Sometimes used in the same 
way as the term “dutchman.” 


Dog—Name given to any projecting piece which strikes and moves 
some other part, as the reversing dogs or stops on a planer or 
milling machine. Sometimes applied to the pawl of a ratchet. 


Dog, Lathe—A device for clamping work go that it can be revolved 


by face plate. Three are shown. 


Clamp Dog Straight Tail Bent Tail 


Drift—A tool for cutting out the sides of an opening while driven 
through with a hammer. Similar to a broach. Term some- 
times applied to a taper pin for forcing holes into alignment, 
as in boiler work. 


O14 ; DOG—DRILLS 
DRILLS 


Center Drill—The short drills used for cen- 

Civ apes oat tering shafts before facing and turning are 

Drill called center drills. The drill and reamer 

or countersink for the 60-degree center hole, 

qin hi Ss when combined as shown, allow the center- 

Te ing to be done more readily than when 
Combination separate tolls are used. 


Core Drill—The core drill is a hollow tool which cuts out a core 
instead of removing the metal in the form of chips. Such 
drills are generally used to procure a 
a (3) core from the center of castings or 
forgings for the determination of the 

tensile strength or other physical properties of the metal. 


Gun-barrel Drill—Gun-barrel drills are run at high speed and 
under very light feed, oil under heavy pressure being forced 
through a hole in the drill to clear the 
chips and cool the cutting point and 
work. The drill itself is short and fast- 
ened to a shank of suitable length. 


Hog-nose Drill—More like a boring tool. Mostly used for boring 
out cored holes. Must be very stiff to be effective. 


Shell Drill—Shell drills are fitted to a 
taper shank and used for chucking 
out cored holes and enlarging hole: 
drilled with a two-flute twist drill 
The angle of the spiral lips is about 15 
degrees. 


Straight-flute Drill—The straight-flute, or “Farmer” drill as it is 

frequently called after its inventor, does not clear itself as wel 
as the twist drill does, but is stiffer 
and does not “run”? or follow blow- 
holes or soft spots as readily as th 
twist drill, It is also better for drilling brass and other soft 
metals. 


Three- and Four-groove Drills—Wher 
large holes are to be made in solid stock 
it is advisable to use a three- or four 

Three Groove groove drill after running the requirec 

two-flute drill through the piece. Thes 

drills will enlarge the hole to the siz 

Four Groove required and are also useful in borin; 
out cored holes in castings 


Twist Drill—Usually made with two flutes, or grooves, runnin; 
around the body. ‘This furnishes cut 


Seg es ting edges and the chips follow th 


flutes out of the hole being drilled. 


DRILLS—Continued QI5 


C > _—s—« Wood Drill (Bit)—Bits for wood drilling 
Pod are made in various forms. The pod 

drill is cut out hollow at the working 

end; the double-flute spiral drill has a 

Bit Point regular bit point; the single-flute drill 

is full diameter for a short distance 


er ON only and is cleared the rest of the length 


Single Flute as indicated. 


Drill, Chain—Device to be used in connection with a brace or 
breast drill in many places where it is not convenient to bring a 
ratchet drill into use. 


Drill Speeder—Device which goes on drill spindle and gears up the 
speed of drills so that small drills can be used economically on 
large drill presses. 


nT i 


DRILLING MACHINE, RADIAL 


1. Speed box. 14. Drive shaft for head. 

2. Column. H I5. Spindle sleeve. 

3. Column cap. _ 16. Spindle. 

4. Elevating gearing. 17. Quick spindle adjustment. 
5. Elevating control. 18. Hand wheel for moving head on 
6. Elevating stops. S 2 arin, 

7. Hlevating screw. 19. Hand feed wheel. 

8. Arm worm box. 20. Swivel gear for head. 

9. Arm clamps on column. 21. Spindle control lever. 

to. Column clamp in base. 22. Head clamp on arm. 

11. Table. 23. Feed depth gage. 

12. Arm. 24. Arm handle. 

13. Arm way. 


916 DRILLS—Continued 
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DRILLING MACHINE, VERTICAL 


1. Bevel driving gears. 1. Hand feed wheel. 
2, Friction clutch, 12, Head clamp. 

3. Back gears. 13. Speed box. 

4. Spindle. 14. Starting lever. 

5. Column, 15. Tumbler gear lever. 
6. Drive shaft, 16, Table arm. 

7. Spindle sleeve. 17. Table arm clamp. 
8. Feed box. 18. Table. 

9. Head, 19. Table clamp. 

to, Quick-return lever. 20. Base. 


DUTCHMAN—FORGING PRESS QI7 


dutchman—Local term for a wedge or liner to make a piece fit. 
Used to make a poor job usable. A round key or pin fitting 
endwise in a hole drilled half in a shaft and half in the piece to 
be attached thereto. 


E 


yjector—An enjector on punch press work is a ring, collar or disk 
actuated by spring pressure or by pressure of a rubber disk, to 
remove blanks from the interior of compound and other dies. 
It is often called a shedder. 


ind Measuring Rod—Arranged for internal measurements similar 
to the internal cylindrical gages. 

ixtractor, Oil—Machine for extracting oil from iron and metal 
chips. Revolves rapidly and throws out the oil by centrifugal 
force. 


F 


face Plate—The plate or disk which screws on the nose of a lathe 
or other machine spindle and drives or carries work to be turned 
or bored. Sometimes applied to table of vertical boring mill. 


‘eather—A sliding key—sometimes called a spline. Used to 
prevent a pulley, gear or other part from turning on the shaft 
but allows it to move lengthwise as in the feed shaft used on 
most lathes and other tools. The feather is nearly always 

_ fastened to the sliding piece. 


‘ling Machine—Runs a file by power, usually vertically. Useful 
in many kinds of small work. 

‘in—The thin edge or mark left by the parting of a mold or die. 
In drop forge work this is called the “flash.” 


‘lute—Shop name for a groove. Applied to taps, reamers, drills 
and other tools. 


‘lywheel—Heavy wheel for steadying motion of machinery. On 
an engine it carries the crank past the center and produces a 
uniform rotation. 


‘oot Stock—The tail stock or tail block of a lathe, grinder, etc. 


‘orce—A master punch which is used under a powerful press to 
form an impression in a die. Forces are commonly employed in 
the making of coining and other embossing dies. A similar tool 
used by jewelers is called a “hub.” It is sometimes referred to 
as a “hob.” 

‘orge—Open fireplace for heating metals for welding, forging, etc. 
Has forced draft by fan or bellows. 

‘orging Press—Heavy machine for shaping metal by forcing into 
dies by a steady pressure instead of a sudden blow as in drop 
forging. Similar to a bulldozer. 
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Fuller—Blacksmith’s tool something like a hammer, having a rour 
nose for spreading or fulling the iron under hammer blowers. 


[jo =] 


Anvil Fuller Hand Fuller 


Furnace, Muffle—Furnace for heatir 
stee] to harden, in which the flame do 
not come in contact with the metals 


Furniture—In machine shops applies to tool racks, lathe pans, to’ 
boxes, etc. 


GAGES 


Depth Gage—A tool for measuring tl 
depth of holes or recesses. The bod 
is placed across the hole while the ru 
is slipped down into the hole to t 
measured. In many cases the rod 
simply a wire and not graduated. 


Drill Gage—A flat steel plate drilled with different-sized hol 
and each marked with correct size or number. Or a pla! 
with a tapered slot, graduated to show size of drill placed i 
the opening. 


Feeler or Thickness Gage—Blades | 
different thicknesses, usually varyir 
by thousandths of an inch, so thé 
slight variations can be felt « 
measured. 


Gear-tooth Depth Gage—A gage f 
NPs wal) measuring the depth of gear teetl 


Requires a different gage for each pitel 


GAGES—GEARS 919 
~ Scratch Gage—For scratching a line at 


a given distance from one side of 
a piece. Adjustable for different 


lengths. 


Surface Gage—A tool for gaging the height 
between a flat-surface, such as a planer 
table or a surface plate, and some point 
on the work. This can then be trans- 
ferred to any other point. 


Thread Gage—Tool with a number of 
blades, each having the same number 
of notches per inch as the thread it 
represents. Made for different; kinds 
of threads and in various forms, 


Wire Gage—Gage for measuring sizes 


of wire. The wire fits between the 

sides of the opening, not in the holes. 

Sometimes made in the form of a 
circular disk. 


Gang Tool—A holder with a number of 
tools, generally used in the planer but 
sometimes in the lathe. Each tool 
cuts a little deeper than the one ahead 
of it. 


GEARS 


ingular Gears—Sometimes applied to bevel gears and also to spur 
gears with helical or skew teeth. See those terms. 

\nnular Gear—Toothed ring for use in universal chucks and simi- 
lar places. Teeth can be on any of the four faces, although when 
inside it is usually called an internal gear. 


Bevel Gears—Gears cut on conical surfaces to 
transmit power with shafts at an angle to 
each other When made for shafts at right 
angles and with both gears of the same size 
are often called “miter” gears. Teeth may 
be either straight, skew or herring bone. 


town Gear—A gear with teeth on the side of rim. Used before 
facilities for cutting bevel gears existed. Seldom found now. 


920 GEARS—Continued 


Differential Gearing— Where two gears, side by side but on differ. 
ent shafts, one having a few less teeth than the other, mest 
into the same gear, each driving its shaft at a different rate 
There is usually only one or two teeth difference in the two gears 


Elliptical or Eccentric Gears—Gear: 


in which the shaft is not in the center 
Cb s 9 May be of almost any shape, oval 
heart shaped, etc. Printing presse: 


usually have good examples of this. 


Gear Shaping Machines—The cutting of spur gears by the shapinj 
method is confined to the Fellows and Maag machines. Thi 
former uses a rotary cutter that is virtually a gear while thi 
latter uses a straight cutter that is equivalent to a section of ¢ 
rack. While the machines and methods of indexing are quit) 
different, both cut the teeth by the shaping or planing process 
Directions for operating are given by the makers. 

Helical Gears—Gears having teeth at an angle across the face t 
give a more constant pull. Also give side thrust. Sometime 
called “skew” teeth. 


Herringbone Gears—Gears having teeth cu 
at a double angle. Made by putting tw 
helical or ‘“‘skew’’-tooth gears togethe 
Does away with side or end thrust. 


Hobbing Gears—In cutting gears by the hobbing process it is ne 
essary that both the hob and the gear blank revolve in prop, 
relation to each other. The spindle carrying the hob must I 
set to the right angle to give the gear tooth desired. For cuttir 
spur gears, the thread of the hob must be parallel with the ax 
of the gear. For cutting helical gears, the thread of the he 
must be set parallel with the angle of the gear teeth. Then tl| 
right gearing must be selected to rotate the hob and work tl 
spindles in the correct relation. Directions for doing this @ 
given by the makers of hobbing machines. 

Intermittent Gears— Gears where t 
teeth are not continuous but have pla| 
surfaces between. On the driven ge 
these plain surfaces are concave to) 
the plain surface of the driver, and t 
driven wheel is stationary while t! 
plain surfaces are in contact. i, 


Internal Gears—Gears having teeth 
the inside of a ring or shell. 
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| Module or Metric Gears—French system of making gears with 


metric measurement; Pitch diameter in millimeters divided by 
the number of teeth in the gear. 


\Pin Gear—Gear with teeth formed by pins such as the old lantern 


pinion. Also formed by short projecting pins or knobs and only 
used now in some feeding devices, 


Planetary Gears—Gears mounted so as to run around a central 


gear, which may be either external or internal as in a Ford 
transmission. : 


Quill Gears—Gears or pinions cut on a quill or sleeve. 


eS 


Spiral Gears—Spur gears with spiral teeth 
which run together at an angle and do 
the work of bevel gears. 


Spiral Bevel Gears—Spiral, or curved tooth bevel gears are cut 
with a cutter head of the trepanning type on a Gleason machjne. 
The methods of setting the work and cutters, and of gearing the 
machine, are given by the makers of the machine, 


‘3, Spur Gears—Wheels or cylinders whose shafts 
are parallel, having teeth across the face. 
Teeth can be straight, helical or skew, or 
herringbone, 


taggered Tooth Gears—Made up of two or more straight-tooth 
) ‘spur gears, teeth set so that teeth and spaces break joints. 
Seldom used now. : ‘ 
orm Gears—Gears with teeth cut on angle to be driven by a 
_ worm. Teeth are usually cut out with a hob to fit the worm. 


") 


} CY Sprocket Gears—Toothed wheels for 
| chain driving. A is the regular and 
A i‘, B is a hook tooth for running one 
A ¢ way only, 
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Geneva Motion—A device which gives a 


positive but intermittent motion to the 
driven wheel but prevents its moving 
in either direction without the driver. 
The driver may have one tooth as 
shown or a number if desired. Also, 
made so as to prevent a complete 
revolution of the driven wheel. | 


Gib—A piece located alongside a sliding member to take up wear. 


Gland—A cylindrical piece enveloping a stem and used in a stuffing 
box to make a tight joint. 4} 
+ 


Grinder, Disk—A grinding machine 
having steel disks which are covered 
with abrasive cloth. Some disks! 
have spiral grooves to give cushions 
under the abrasive cloth. 


Grinder-wheel Dresser—A tool consisting of pointed or corrugated 
disks of hard metal which really break, 
or pry off small particles of the grind- 
ing wheel when held against its rapidly, 
revolving surface. Small abrasive 
wheels are also used. 


Gripe—Local name for machine clamp. 


Ground Joint—A joint finished by grinding the two parts together 
with emery and oil or other abrasives. 


Gudgeon—Local name for a trunnion or bearing which projects 
from a piece, such as a cannon. 


Guide Liner—A tool for use in locomotive 
work for lining up guides and cross-| 
heads. 
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UNIVERSAL GRINDING MACHINE 


1. Live spindle driving pulley. to. Reversing lever. 

2. Headstock. 11. Feed roll lever. 

3. Dead center pulley. 12. Table hand wheel. 

4. Wheel driving pulley. 13. Control lever. 

5. Spindle-box. 14. Table dogs. 

6. Wheel stand platen. 15. Feed driving cone. 

7. Footstock. 16. Table hand wheel throw-out 
8. Clamping lever. lever. 

9. Cross feed hand wheel. 


A 


alf Nut—A nut which is split lengthwise. Sometimes half is used 
and rides on screw; in others both halves clamp around screw as 
in the half nut of a lathe carriage. 

Hammer—The common types of machinists’ ham- 
mers are the ball peen, straight peen and cross 
peen, as shown. The so-called engineers’ and 
the riveting hammers have cross peens. 


| Ball Peen 


Straight Peen ” Cross Peen Riveting Engineers 


Hammer, Blacksmiths’ Flatter—A flat- 
faced hammer used to smooth the sur- 
faces of forgings. Is held on the work 
and struck by a helper with a sledge. 
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Hammer, Bumping or Horning—For closing seams on large cans, 
buckets, etc. 


Hammer, Drop—Hammer head or “monkey” or “drop” is raised 
by hand or power and falls by gravity. Sometimes raised by 4 
board attached to top of hammer head and running between 
pulleys. Others use a belt. | 

Hammer, Helve—Power hammer in which there is an arm pivotec| 
in the center and power applied at the back end while th¢ 
hammer is at the other and strikes the work on an anvil. 

Hammer, Lever Trip—Trips the hammer by a cam or lever and 
allows it to fall. 

Hammer, Spring—Comparatively small hammer giving a greal 
variety in the force of blow. ‘This is controlled by pressure 0} 
foot on lever. 

Hand Wheels, Clutched—Hand wheels connected to shaft by 4 
clutch which can be thrown out by a knob or otherwise so tha} 
accidental movement of wheel will not disturb setting. Usec 
on milling machines and similar places. 

Hanger, Drop—Shaft hanger to be fastened to ceiling wit! 
bearing held in lower end. 

Hanger, Post—Shafting hanger for fastening to posts or othe) 
vertical structures. 


Hardie—Blacksmith’s cutting chisel whic 
fits a hole in the anvil and forms th¢ 
lower tool in cutting off work. 


Hoist, Chain—Hoist with chain passing through pulley block usec 

for hoisting. 

Hubbing—The forcing of a hardened die or “hub” into cold, sofi 
steel to produce a die or mold. A depth of 3 in. is common) 
Pressure averages 100 tons to the sq. in. of area. 

Hunting Tooth—An extra tooth in a wheel to give it one more toott| 

than its mate in order to prevent the same teeth from meshing. 
together all the time. Seldom used now. 


I | 


Indexing, Compound—Indexing by combination of two Settings o| 
index, either by adding or subtracting. 

Indexing, Differential—Indexing with the index plate geared to the 
spindle, thus giving a differential motion that allows the index’ 
ing to be done with one circle of holes and with the index cranl’ 
turned in the same direction, as in plain indexing. 

Indexing, Direct—Indexing work by direct use of dividing head o 
milling machine. 
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» Indicator, Lathe Test—Instrument with multiplying levers which 
| shows slight variations in the truth of revolving work. Used for 
| setting work in lathe or on face plate. 


Plain Indicator 


Dial Indicator 


J 


Jack, Hydraulic—Device for raising weight or 
exerting pressure by pumping oil or other liquid 
under a piston or ram. 


Jack, Leveling—Small jacks (usually screw jacks) 
for leveling and holding work on planer beds 
and similar places. Practically adjustable 
blocking. 


Jack, Screw—Device for elevating weights by 
means of a screw. 


| Jam Plates—Old name for screw plates and in many cases a true 
q one as the thread was jammed instead of cut. 


Jig, Drill—A device for holding work while drilling, having bush- 
ings through which the drill is guided so that the holes are cor- 
rectly located in the piece. Milling and planing jigs (commonly 
called fixtures) hold work while it is machined in the milling 
machine and planer. 


Joint, Universal—Shaft connection which 
allows freedom in any direction and 
still conveys a positive motion. Most 
of them can transmit power through 
any angle up to 45 degrees. 

Journal Box—The part of a bearing in which the shaft revolves. 


K 


Kerf—The slot or passageway cut by 4 saw. 


Key—The piece used to fasten any hollow object to a shaft or rod. 
Usually applied to fastening pulleys and flywheels to shafts; or 
locomotive driving wheels to their axles. Keys may be square, 
rectangular, round or other shape and fasten in any way. Are 
usually rectangular and run lengthwise of shaft. 
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Key, Center—A flat piece of steel, with tapered sides, for removing 
taper-shank drills from drill spindle or similar work. 


-Keyway—A groove, usually square or rectangular, in which the key 
is driven or in which a “feather” slides. ‘The groove in both the 
shaft and piece which is to be fastened to it, or guided on it, is 
called a keyway. 


Knurling—The rolling of depressions of various kinds into metal by 
the use of revolving hardened steel wheels pressed against the 
work, The design on the knurl will be reproduced on the work. | 
Generally used to give a roughened holding surface for turning 
a nut or screw by hand. 


L 


Land—Space between flutes or grooves in drills, taps, reamers or 
other tools. 


Lap—Applied to seams which lap each other. To the distance a 
valve must move before opening its port when valve is central 
on seat. To a tool usually consisting of lead, iron or copper 
charged with abrasive for fine grinding. See Lap, Lead. 


Lap, Lead—Usually a bar of lead or covered with lead, a trifle 
smaller than the hole to be ground. Emery or some fine abra- 
sive is used which gives a fine surface. Laps are sometimes held 
in the hand or are run ina machine and the work held stationary. 
Also consists at times of a lead-covered disk, revolving, hori- 
zontally, which is used for grinding flat surfaces. Very similar 
in action to a potter’s wheel. 


Lathe, Engine—The ordinary form of lathe with lead screw, power 
feed, etc. 


Engine Lathe Parts 


r. Ball bearing driving pulley. 16. Base to compound nest. 
2. Pulley for pump. 17. Auxiliary tool block. 

3. Reverse plate lever. 18. Compound nest. 

4. Quick change gears. ; 19. Diameter stops. 

5. Head screw slip gear plunger. 20. Operating levers. 

6. Length feed clutch. 21. Thread indicator. 

7. Positive feed stop. 22. Hand feed wheel. 

8. Adjustable feed stops. 23. Apron. 4 

9. Speed change levers. 24. Tailstock spindle clamp. 
10. Speed index plate. 25. Tailstock clamping: bolts. 
11. Oil hole. 26. Shears or ways. - 

12. Oil drain. 27. Rock. ‘ 

13. Double nose on spindle. 28. Lead screw. 

14. Oil gage. 29. Chip pan. 


15. Four-way tool block. 30. Steady nest. 
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Lathe Apron—Parts of 


1. Cross-feed screw. 16. Clutch ring. 
2. Cross-slides. 17. Clutch levers. 
3. Wing of saddle. 18. Pinion. 
4. Cross-feed pinion. 19. Gear in train. 
5. Cross-feed gear. 20. Feed-clutch handle. 
6. Cross-feed handle. 20A.-Clutch spreader. 
7 Rack. ~2r. Hand pinion. 
8. Power cross-feed and control. 22. Carriage handle. 
9. Gear in train. 23. Lead screw. 
10. Pinion for cross-feed. 24. Rack-pinion knob. 
11. Main driving pinion. 24A. Rack pinion. 
12. Bevel gear. 25. Feed rod. 
! 13. Bevel pinion. 26. Upper-half nut. 
| 14. Feed worm. 27. Lower-half nut. 
15. Feed-worm wheel. 28, Half-nut cam. 


Norer.—Cross-feed is from bevel pinion 13, through gears 12, 11, 9) 
ro and 4. Regular feed is through worm 14, worm wheel rs, 
clutch 16, pinion 18, gears rg and 24A. Hand movement is 
through handle 22, pinions 21, 19 and 24A. 

‘Lathe, Extension—So made that bed can be lengthened or short- 

| ened. When bed is made longer, there is a gap near head, 
increasing the swing for face-plate work. 

Lathe, Fox—Brass workers’ lathe having a “fox”? or chasing bar for 
cutting threads. The bar has a “leader” which acts as a nut on 
a short lead screw or “hob” of the desired pitch (or half the 
pitch if the hob is geared down 2 to r) and carries a tool along at 
the right feed for the thread. Sometimes has a turret on the 
back head. 

Lathe, Gap—Has V-shaped gap in front of head stock to increase 
swing for face-plate work. 

Lathe, Gun—For boring and turning cannons and rapid-fire guns. 

Lathe, Ingot—For boring, turning and cutting off steel ingots. 

Lathe, Precision—Bench lathe made especially for small and very 
accurate die, jig or model work. 

Lathe, Projectile—Simply a heavy lathe for turning up projectiles. 
Sometimes has attachment for pointing them. 

Lathe, Pulley—Especially designed for turning pulleys, ¢an turn 
them crowning or straight. 

Lathe, Roll Turning—For turning rolling mill, steel mill and 
calender rolls. 

Lathe, Screw Cutting—Having lead screw and change gears for 
cutting threads. 

Lathe, Shafting—For turning long shafts or similar work. 

Lathe, Speed—A simple lathe with no mechanically actuated car- 
riage or attachments. 

Lathe, Spinning—For forming sheet metal into various hollow 
shapes, all circular. Done by forcing the sheet against a form 
of some kind (with a single, round-ended tool) while it is 
revolving. 

Lathe, Turret—A lathe having a multiple tool holder, or turret, 
which revolves and takes the place of tail or foot stock. Many 
have automatic devices for turning turret and for feeding tools 
into the work, 
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Lathe, Vertical—Name given a type of vertical boring mill on 
account of a side head which acts very much like a lathe carriage 
and does a large variety of work that would ordinarily be done on 
the face plate of a lathe. 

Lathe, Watchmakers’—A very small precision lathe. 

Lead—The advance made by one turn of a screw. 

Level, Quartering—A tool for testing driving wheels to see if crank 
pins are set 90 degrees apart. The level 
has a forked end and with the angles shown. 
Placing this on the crank pin and lining the 
edge with the center of axle should bring 
the bubble of level in the center. If the 
same result is obtained on the other wheel, 
the crank pins are go degrees apart. 

Ist Class 


= + Levers—Arms pivoted or bearing on 
std arcs ciemaie. points called fulcrums, Divided into 
three classes as shown. First has ful- 


2nd Class fs i, 
= . crum or bearing point between power 
; ne ane and weight, second has weight be- 
ST ai tween power and fulcrum and third 
e aoines has power between weight and ful- 
crum. 
‘ulerum Power Weight 


Liner—A piece for separating pieces a desired distance; also called 
shim. 
M 


Machine Tool—The name given to any machine of that class, which 
taken as a group, can reproduce themselves, such as the lathe, 
drilling machine, planer, milling machine, etc. No other class 
of machines can be used to build other machines, and because of 
this, machine tools are known as the “ master tools of industry.”’ 

Mandrel—Shafts or bars for holding work 
to be machined. Plain mandrels, as’ 
shown at the top, have a taper of 
about 0.010 inch per foot and are 
forced into the work. ‘There are also 
several types of expanding mandrels, 
three being shown. The second and) 
fourth mandrels have spring sleeves, 
ona taper bar. The third has blades 
sliding in tapered grooves. Man- 
drels should not be confused with 
arbors that are for holding and driy- | 
ing cutting tools only. . | 

Marking Machine—A machine for stamping trade-marks, patent 
dates, etc., on cutlery, gun barrels, etc. Stamps are usually on 
rolls and rolled into work. 

Master Plate—See Plate, Master, 
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Measuring Machine—Practically a large bench micrometer caliper 
of any desired form to measure work such as taps, reamers, 
gages, etc. Some are now made to utilize light waves instead of 
mechanical methods. 
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1. Column. 19. Elevating shaft. 
2. Knee. 20. Elevating screw—telescopic. 
3. Saddle. 21. Saddle clamp levers. 
4. Universal swivel block. 22. Vertical feed trip blocks. 
5. Work table. 23. Change gear bracket. 
6. Over arm. 24. Spindle lock. 
7. Arm bracket or arbor supports. 25. Feed box. 
8. Arm braces or harness. 26. Cross and vertical feed handle. 
9. Knee clamp for-braces. 27. Table trip handle. 
10. Spiral dividing head. 28. Spindle collar. 
Ir. Tailstock. 29. Interlocking feed lever. 
12. Starting lever. 30. Table screw. 
13. Speed change lever. 31. Oil sight gage. 
14. Feed change lever. 32. Oil drain plug. 
15. Arm clamp screws. 33. Cross and vertical feed reverse 
16. Table stops. lever. 
17. Steady rest. 34. Primary feed selection lever, 


78. Cross feed screw. 35. Secondary feed selection lever. 
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Milling Machine—A machine in which the operating tool is a 
revolving cutter. Has table for carrying work and moving it so 
as to feed against cutter. 

Milling Machine, Universal—Has work table and feeds so arranged 
that all classes of plane, circular, helical, index, or other milling 
may be done. Equipped with index centers, chuck, etc, 


MILLING MACHINE, VERTICAL 
Column. 11. Saddle feed wheel. 


1. 

2. Ventilators for motor in base. 12. Knee elevating screw. 
3. Spindle head. 13. Power. feed drive. 

4. Spindle nose. 14. Feed gear box. - 

i3 orm gear head control. 15. Universal joints. 

6. Control lever. 16. Table control. 

7. Table. 17. Power saddle control. 
8. Knee. 18. Direct head control. 
9. Saddle. 19. Spindle oiler. 
10. Hand elevation of knee. 20. Base. 
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Milling Machine, Vertical——Differs from horizontal machine mainly 
in having a vertical spindle for carrying the cutter. 
Miter—A bevel of 45 degrees. 


N 


Necking Tool—Tool for turning a groove or neck in a piece of 
work. ; 

Nose—In shop work the term is applied to the business end of tools 
or things. The threaded end of a lathe or milling-machine 
spindle or the end of “hog-nose drill” or similar tool. 

Nut, Cold Punched—A nut punched from flat bar stock. The hole 
is usually reamed to size before tapping. 

Nut, Hot Pressed—A nut formed hot in a forging machine. 

Nut Machine—A machine for cutting, drilling and tapping nuts 
from a bar or rod. 

Nut Tapper—A machine for tapping hole in nuts. 

Nuts—See Bolts; also pages 890 and 892. 


O 


Ogee—Name given to a finish or beading consisting of a reverse 
curve. Applied to work of any class, wood or iron. 

Oval—Continuously curved but not round, as a circle which has 
been more or less flattened. 

Overhead—A term usually applied to expenses that come from rent, 
taxes, interest on investment, depreciation, upkeep or mainte- 
nance, supervision, insurance and any other expenses that do 
not come under the head of direct labor or material. Some 
separate it into machine-overhead, etc. 


P 


Pawl—A hinged piece which engages teeth in a gear, rack or ratchet 
for moving it or for arresting its motion. Sometimes used to 
designate a piece such as a reversing dog on a planer or milling 
machine. 

Peening—The stretching of metal by hammering or rolling the 
surface. Used to compress babbitt to fit tightly in a bearing, to 
straighten bars by stretching the sliort or concave side, etc. 

Pickling Castings—Dipping into acid solution to soften scale and 
remove sand. Solution of eight or ten parts of water to one of 
sulphuric acid is used foriron. For brass use five parts water to 
one of nitric acid. 

Pickling Forgings—Putting in bath of one part sulphuric acid to 
twenty-five parts boiling water to remove scale. Can be done in 
ro minutes. Rinse in boiling water and they will dry before 
rusting. 

>in, Collar—A collar pin is driven tight into a machine frame or 
member and adapted to carry a roll, gear, or other part at the 

outer end. It differs from the collar stud 
in not having a thread at the inner end. 
When drilled through the end for a cotter 
pin it is known as a fulcrum pin, as it is 
then especially suited for carrying rocker 
arms, etc, 
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Pin, Dowel, Screw—Dowel pins are customarily made straight, or 
plain taper and fitted into reamed holes. When applied in such 

a position in a mechanism that it is impossible to remove them 

by driving out, they are sometimes threaded and screwed into 

lace. 

Pin’ Taper—Taper pins for dowels and other purposes are regularly 
manufactured with a taper of } inch to the foot and from 3 to 

6 inches long, the diameters at the large 


end of the sizes in the series ranging from 
{ faat ral about #; to 33 inch. The reamers for 
these pins are so proportioned that each 


size ‘‘overlaps” the next smaller size by about 3 inch. 

Pitch—The distance from the center of one screw thread, or gear 
tooth or serration of any kind to the center of the next. In 
screws with a single thread the pitch is the same as the lead but 
not otherwise. 


Pillow Blocks—Low shaft bearings, rest- 
ing on foundations, or floors or other 
supports. 


Pitman—A connecting rod; term used more commonly in connection 
with agricultural implements. 

Planchet—Blank piece of metal punched out of a sheet before 
being finished by further work. Such as the blanks from which 
coins are made. 


PLANER 
(See list of parts on p. 935) 
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List of Parts of Planer 


Bed. 


. Master switch. 
. Slotted lever. 


Bull gear shaft. 


. Shifter lever. 
. Front dog, right hand. 
Table. 


. Left hand side head. 

. Tool clamp. 

- Apron of left hand rail head. 

- Tool box of left hand rail head. 


Slide of left hand head. 


. Slide clamp of left hand head. 

. Down feed screw, left hand head. 
- Graduated collar for down feed. 
. Down feed crank. 

. Harp, left hand head. 

- Saddle of left hand head. 


Rail. 


. Cross feed screw for right hand 


head. 


- Down feed rod. 
. Cross feed screw for left hand 


head. 


- Counterweight cable for left 


hand side head. 


. Left hand housing. 
. Left hand rail elevating screw. 
- Rapid traverse gear case, left 


hand. 


- Side head counterweight sheave. 
. Centralized oiler for traverse 


gears. 


. Traverse motor. 

. Rail setter gear case. 

. Safety clutch for rail setter. 

. Elevating shaft. 

- Case for traverse gears, right 


and. ’ 
. Centralized oiler for traverse 


gears. 


. Rail setter lever. 
- Traverse control shaft. 
. Traverse drive shaft. 


Feed drive shaft. 


- Side head screw, right hand. 

. Right hand housing. \ 

. Right hand rail elevating screw. 
. Top brace. : 

- Down feed crank for right hand 


head. 
. Graduated collar for down feed, 


right hand head. 


45. Down feed screw, right hand 


head. 


. Harp for right hand head. 
- Slide for right hand head. 
. Slide clamping screw for right 


hand head. 


. Saddle for right hand head. 
>-Teol box for right hand head. 

. Apron for right hand head. 

- Tool box clamping bolts, right 


hand head. 


- Graduated collar for cross feed 


screw of left hand head. 


- Graduated collar for down feed 


at end of rail. 


. Graduated collar for cross feed 


of right hand head. 


- Traverse lever for left hand head 


acrogs rail. 


: Traverse lever for slides up or 


down. 


- Traverse lever for right hand 


head across rail. 


- Ratchet feed gear for left hand 
ead 


. Ratchet feed gear for down feed. 
2 ey feed gear for right hand 


head. 
- Rail lock shaft. 


Feed reverse tumbler gear. 


. Cantslip feed dial. 

. Side head crank. 

. Side head cantslip feed dial. 

. Ratchet feed gear for side head. 
. Centralized oiler for side head. 

. Clamp for saddle of right hand 


side head. 


. Saddle of right hand side head. 
- Clamp for side head slide. 


Harp for side head. 


- Graduated collar for feed, side 


head. 
. Slide for side head. 
. Side head tool box. 
- Side head apron. 
. Self releasing plunger for side 


head apron. 


. Crank for in and out feed on 


side head. 


- Rapid traverse lever for side 


head. 


- Bevel gears for feed drive. 
. Shaft for second intermediate 


gear. 3 : 
. Flexible coupling for drive shaft. 
. Reversing motor. 
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Planer—A machine for producing plane surfaces on metals. The 
work is held on table or platen which runs back and forth under 
the tool which is stationary. 


Planer Centers—A pair of index centers 
to hold work for planing. Similar to 
plain milling machine centers. 


Planer, Open Side—A planer with only one upright or housing, 
supporting an overhanging arm which takes the place of the 
usual cross-rail, Useful in planing work too wide to go in the 
ordinary planer. 

Planer, Radius—For planing parts of circles, such as links for loco- 
motive or stationary-engine valve motion. 

Planer, Rotary—Really a large milling machine in which the work 
is carried past a rotary cutter by the platen. 

Planer, Traveling Head—Planer in which work is stationary and 
tool moves over it. Seldom used in U.S. A. 


Planishing—The finishing of sheet metal by hammering with 

smooth-faced hammers or their equivalents. 
Plate, Master—A steel plate serving as a model by which holes in 
jigs, fixtures and other tools are accu- 
rately located for boring. In the illus- 
tration the piece to be bored is shown 
doweled to the master plate which is 
mounted on the face plate of the lathe. 
In the master plate there are as many 
holes as are to be bored in the work, 
and the center distances are correct. 
The plate is located on a center plug 
fitting the lathe spindle, and after a 
given hole is bored in the work, the 
master plate and work are shifted and 
relocated with the center plug in the 
next hole in the plate and the corre- 
sponding hole in the work is then bored out. ‘This is one of the 
mee accurate methods employed by the toolmaker on precision 
work. 


Platen—A work-holding table on miller, planer or drill. 

Plumb Bob, Mercury—Plumb bob filled with mercury to secure 
weight in a small space. | 

Press, Blanking—For heavy punching or swaging. cas 

Press, Broaching—A press for pulling or forcing broaches through 
holes in metal work. 

Press, Cabbaging—For compressing loose sheet-metal scrap into 
convenient form for handling and remelting. 


Press, Coining—For making metal planchets from which coins are 
stamped. Usually has a toggle action. 


Master Plato or Y 
Manet ponea LIL 


to Jig Tig to be 
Bored 
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Press, Double Action—Has a telescoping ram or one ram inside the 
other, each driven by an independent cam so that one motion 
follows the other and performs two operations for each revolu- 
tion of the press. 

Press, Forcing—For forcing one piece into another, such as a rod 
brass into a locomotive connecting rod. 

Press, Forging—For forging metal by subjecting it to heavy pres- 
sure between formers or dies. 

Press, Horning—For closing side seams on pieced tinware. 

Press, Inclinable—One that can be used in vertical ‘or inclined 
position, 

Press, Screw—Pressure is applied by screw. 


_ Press, Straight-sided—Made with perfectly straight sides so as to 


give great strength and rigidity for heavy work. 

Press, Pendulum—Foot press having a pendulum-like lever for 
applying power to the ram. 

Profiling Machine—A milling machine in which the cutter can be 
made to follow outline or pattern in shaping small parts of 
machines. Practically a vertical milling machine. 

Protractor, Bevel—Graduated semicircular protractor having a 
pivoted arm for measuring off angles. 

Pull-pin—A means of locking or unlocking two parts of machinery. 
Sometimes slides gears in or out of mesh and at other times 
operates a sliding key which engages any desired gear of a 
number on stud. 

Pulley, Gallow or Guide—Loose pulley mounted in movable frames 
to guide and tighten belts. 

Pulley, Idler—A pulley running loose'on a shaft and driving on 
machinery, merely guiding the belt. Practically same as a 
“loose pulley.” 

Pulley, Loose—Pulley running loosely on shaft doing no work. 
Carries belt when not driving tight (or fast, or working) pulley. 
Use on countershafts, planers, grinders, etc., where machine is 
idle part of time. Belt is then on the loose pulley, but when 
shifted to tight pulley, the machine starts up. 

Punching—A piece cut out of sheet stock by punch and die; the 
same as blank. 

Punch, Belt—Hollow, round or elliptical punch for cutting holes for 
belt lacing, 


Q 


Quadrant—A segment of a circle. The swinging plate carrying 
the change gears in the feed train at the end of the lathe. 

Quick Return—A mechanism employed in various machines to 
give a table, ram or other member a rapid movement during the 
return or non-cutting stroke. 

Quill—A hoilow shaft which revolves on a solid shaft, carrying 
pulleys or clutches. When clutches are closed, the quill and 
shaft revolve together. 
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R 


Rack—A strip cut with teeth so that a_ 
gear can mesh with it to convert rotary 
into reciprocating motion or vice versa, — 


; 
Ratchet—A gear with triangular-shaped teeth adapted to be — 
engaged by a pawl which either imparts intermittent motion 

to the ratchet or else locks it against backward movement when ~ 
operated otherwise. | 

| 


Ratchet Drill—Device for turning a drill 
when the handle cannot make a com- 
plete revolution. A pawl on the handle 
drops into a ratchet wheel on the barrel so | 
that it can be turned one or more teeth. | 


Recess—A groove below the normal surface of work. On flat work | 
a groove to allow tool to run into as a planer, or a slide to run | 
over as a cross-head on a guide. In boring a groove inside a | 
hole. If long it is often called a chamber. 


| 

Relief or Relieving—The removing of, or the amount removed to | 
reduce friction back of cutting edge of a drill, reamer, tap, etc. | 
Also applied to other than cutting tools. See Backing Off. 


REAMERS 


Reamer—A tool to enlarge a hole already existing, whether a cast | 
or cored hole or one made by a drill or boring bar. Reamers | 
are of many kinds and shape as indicated below. Usually a~ 
reamer gives the finishing touch to a hole. 

Ball Reamer—Usually a fluted or rose reamer for making the 
receiving portion of a ball joint. It is considered advisable to 
space the teeth irregularly, as this tends to prevent chattering. | 

Bridge Reamer—A reamer used by boiler makers, bridge builders, | 
ship builders, etc., has a straight body from A to B and tapered 

end from B to C. This reamer has a _ 

2% taper shank and can be used in an air | 

= drill. | 
Center Reamer—Center reamers, or counter- 

sinks for centering the ends of shafts, etc., are 

acara (i De. usually made 60 degrees included angle. Com- 

Flat bined center drill and reamer are now univer | 

sally used. P |) 

Chucking Reamer—Chucking reamers _ 

are used in turret machines. The | 

plain, fluted type has teeth relieved © 

the whole length; while the rose | 
reamer cuts only on the end, as 
there is no peripheral clearance. 

Where possible, reamers used in the | 


REAMERS—Continued 939 


turret should be mounted in floating holders which allow the 
| reamer to play sidewise sufficiently to line up with the hole in 
the work which may be so drilled or bored as not to run per- 
fectly true prior to the reaming operation. 


| 

| Chucking Reamer (Three-groove)—Spiral fluted chucking reamers 
| with three and four grooves are employed for enlarging cored 
. holes, etc. They are also made with 
| oil passages through them and in 
. 
| 


CTIRSSSSSSS this form are adapted to operating in 


steel. 


Flat Reamer—A reamer made of a flat piece of steel. Not much 
used except on brass work and then usually packed with wooden 
strips to fit the hole tightly. Flat reamers are not much used 
except for taper work. 


_ Half-round Reamer—Used considerably in some classes of work, 
{ particularly in small sizes and taper work when taper is slight. 
Not much used in large sizes. Somewhat resembles the ‘“hog- 
nose drill” in general appearance except that this is always quite 
sharp on cutting edge. 


Shell Reamer—Shell reamers have taper 
holes to fit the end of an arbor on 
which they are held in the chucking 
machine. They are made with both 
straight and spiral flutes. Made 
with a variety of flutes. Taper hole 
is § inch to the foot. 


Taper Reamer—For finishing taper holes two or more reamers are 
sometimes used. The roughing reamer is often provided with 
nicked or stepped teeth to break up the 
{{____ Sennsescsscop chip. Taper reamers are vee made 
A with spiral teeth. Where the taper is 
Roughing slight, Felie spiral should be left-hand to 
re ——-, prevent the reamer from drawing in too 
CS fast; where'the taper is abrupt, the teeth, 
Finishing if cut with right-hand spiral, will help 
hold the reamer to the cut and make the 

operation more satisfactory. 


Taper-pin Reamer—See Taper Pins. 


Riffle—Name given a small file used by die sinkers and on similar 
work, 


Rivet—A pin for holding two or more plates or pieces together. A 
head is formed on one end when made; the other end is upset 
after the rivet is put in place and draws the riveted members 
close together. 


940 RIVETS—SCARF 


Rivets 


pace A—Machine Head 
B—Cone Head 
C—Wheel Head 
D—Oval Countersunk Head 
meneenn E—Globe Head 
I'—Round Head 
G—Truss Head 
(ead H—Flat Head 
I—Countersunk Head 
J—Bevel Head 
3 K—Wagon-box Head. 


Rivet Machine—For making rivets from metal rods. 


Rule, Hook—Rule with a hook on the 
end for measuring through pulley 
holes and in similar places. 


Rule, Keyseat—For laying out keyseats on shaft or in hubs. 


Rule, Shrink—Graduated to allow for shrinkage in casting. Used 
by pattern makers and varies with metal to be cast. 


Rust Joint—A joint made by application of cast-iron turnings mixed 
with sal ammoniac and sulphur to cause the turnings to rust and 
become a solid body. 


S 
Sand Blast—Sand is blown by compressed air through a hose as 
desired. Used to clean castings, stonework, etc. 


Saw, Band—Continuous metal band, toothed on one edge and 
guided between rolls. Mostly used on woodwork, but its 
use on metal work is increasing. 


Saw, Cold—Machines for sawing metal with circular saws. 


Saw, Hack—Close-toothed saw for cut- 
ting metal. Saws are held in a hand 
frame or in power-driven machines. 


Scarf—The bevel edge formed on a piece of metal which is to be 
lap welded. 
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SCREW-MACHINE TOOLS 


Box Tool, Bushing—The cutters in this 
tool are placed with edges radial to 
the stock and may be adjusted to 
turn the required diameter by the 
screws in the rear. The stock is 
supported’ in a bushing and must 
therefore be very true and accurate 
as to size. 


Box Tool, Finishing—The material 
turned in this box tool is supported 
by adjustable back-rest jaws, and the 
cutters are also adjustable in and 
out, as well as lengthwise, of the tool 


body. 


Box Tool, Roughing—This tool has one or more cutters inverted 

-over the work and with cutting edges tangent to the material. 
The back rest is bored out the size the 
screw or other piece is to be turned, and 
the cutter turns the end of the piece 
to size before it enters the back rest. 
Sometimes a pointing tool is inserted in 
the shank for finishing the end of the 
work, 


Drill Holder—The end of the drill holder 


is split and provided with a clamp 
() s Hig 98th eo yse01> 1) collar by which the holder is closed 
O 


on the drill. 


Feed Tube—The screw-machine feed tube or feed finger is closed 
prior to hardening and maintains at all times a grip on the stock. 
The rear end is threaded and screwed 

into the tube by which it is operated. 

errs AF to by Tt is drawn back over the stock, and 
POF ] when the chuck opens, is moved for- 


ward, feeding the stock the right dis- 
tance for the next piece. 


Forming Tools—Circular forming cut- 
ters are generally cut below center 
to give proper clearance, and the 
tool post is bored a corresponding 
amount above center to bring the 
tool on the center line. Dovetail 
cutters are made at an angle of 
about ro degrees for clearance. 


Circular Dovetail 
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Hollow Mill—Usually made with three prongs or cutting edges and 
with a slight taper inside toward the 
rear. A clamp collar is used on mill 
like a spring-die collar, and a reasonable 
amount of adjustment may be obtained 
by this collar. Hollow mills are fre- 
quently used in place of box tools for 
turning work in the screw machine. 


Knurling Tool—The two knurls in this 
box are adjustable to suit different 
diameters of work. 


jo 
oa 


Pointing Tool—The bushing in this 
tool receives and supports the end of 
the round stock and the cutters car- 
ried in the frame form and point the 
end. 


Revolving Die Holder—The common type of revolving die holder 
which is generally used with spring dies has a pair of driving 
pins belind the head and in the flange 
of the sleeve which fits into the turret 
hole. At the rear end of the sleeve is a 
cam surface which engages a pin in the 
shank of the head when the die is 
reversed. The die is run on to the work 
with the driving pins engaged. When 
the work is reversed, the cam at the rear engages the pin in the 
shank and holds the die from turning so that it must draw off 
the work. 


Spotting Tool—This tool spots a center 
in the end of the bar of stock to 
allow the drill to start properly, and 
also faces the end of the piece true. 

Sometimes called “centering and facing” tool. It is desirable 
to have the included angle of the cutting point less than that 
of the drill which follows it, in order that the latter may start 
true by cutting at the corners first. 

Spring Collet—Spring collets or chucks are made to receive round, 
square, hexagonal or other stock worked 
in the screw machine. The collet is 
hardened and is closed in operation by 
being pressed into the conical cap into 
which it fits. When released, it springs 
open sufficiently to free the stock and 
allow it to be fed through the collet. 
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Spring Die and Extension—Spring dies 

or prong dies are provided with a col- 

| lar at the end for adjusting and are 

a easily sharpened by grinding in the 
YS flutes. 


Screw Plates—Holders for dies for-cutting threads on bolts or 
screws. Dies are usualiy separate but sometimes cut in the 
piece which forms the holder. 


Screws—The machine screws in most common use are shown under 
Bolts, Nuts and Screws. A few of the less-used varieties are 
shown here. 


Collar Screw—Collar or collar-head 
screws are used for much the same 
purposes as regular cap screws, and, 
in fact, are sometimes designated as 
“collar” cap or ‘‘collar-head” cap 
screws. 


Shoulder Screw—Shoulder screws are 
commonly used for carrying levers 
and other machine parts that have 
to operate ireelys The screw body is 

H enough longer than the thickness of 
Bee Phoulder the piece pivoted thereon to allow the 
latter to work easily when the screw 

is set up tight against the bottom of 

the shoulder. With double shoulders 

two members pee be mounted side 

by side and left free to operate inde- 

Double Shoulder pendently of each other. . 


Thumb Screw—A screw with a winged or 
knurled head which may be operated 
by hand when a quick and light clamp- 
ing effect is desired. 


Washer-head Screw—The washer formed 
ND on this screw enables it to be used for 
holding pieces with large holes without 

applying a loose washer, 


Wood Screws—Wood screws are made in an endless variety of 
forms, a number of which are shown on the following page. 
They range in size from No. o to No, 30 by the American Screw 
Company’s gage and are regularly made in lengths from } inch 
to 6 inches. Generally the thread is cut about seven-tenths 
of the total length of the screw. The flat-head wood screw has 
an included angle of head of 82 degrees. 
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Flat Head 


€{wunnanny 


Round Head 


Oval Fillister Head 


> WN ANUS 


Felloe 


Hexagon Head 


Square Bung Head 


Round Bung Head 


‘rere ke Tne: 


Winged 


ANNAN 


mm 


Oval Head 


Piano Head 


Countersunk Fillister Head 


nun INSANIANANAANAAA 
Clove Head 


[SUN 


Headless 


mre Head 
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Sector—A device used on .an index plate of a dividing head for 
indicating the number of holes to be included at each advance 
of the index crank in dividing circles. The sector can be opened 
or closed to form as large or small an arc as necessary to cover 
the desired number of holes for each movement of the crank. 

Set—The bend to one side of the teeth of a saw. 

Shaft, Flexible—Shaft made of a helical spring or of jointed parts, 
to transmit power in varying directions. Usually confined in a 
casing of fabric or of flexible tubing. 

Shaft, Line—The shafting driving the machinery of a shop or 
section of a shop by means of pulleys and belts. 

Shaper—A machine in which the work is held on table or knee 
while the tool held by a tool post on the moving ram moves 
across it. Table is adjustable for depth of cut, etc. 
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SHAPER 
1. Tool post. ; THs Birote seals 
2. Clapper block. 12. Ram guide. 
3. Clapper box. 13. Oiler. 
4. Tool head, 14. Table. 
5. Tool head feed screw. 15. Vise. 
6. Tool slide. 16. Saddle. 
7. Ram adjuster. 17. Cross-feed. 
8. Position lever. 18. ea adentecent 
9. am, 19. Control lever, 
0, Stroke indicator, 20. Speed change box. 
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Shaper, Crank—A shaper in which the ram is driven by a crank 
motion. 

Shaper, Draw Cut—The cutting stroke takes place when tool is 
moving toward frame of machine. This tends to draw the parts 
together. 

Shaper, Gear—A machine for planing or shaping gear teeth by 
using a hardened cutter, shaped like a pinion gear as a tool, and 
moving it across the face of the gear. 

Shaper, Geared—The ram is driven by rack and pinion with a slow 
cutting stroke and a quick return by shifting open and crossed 
belts the same as on a planer. 

Shapers, Traverse or Traveling Head—The ram feeds across work, 
which is stationary. 

Shears—Tools for cutting metals between two blades. The ways on 
which the lathe carriage and tail stock move are called “‘shears”’ 
by some, “ways” by others. They may be either V, flat or 
any other shape. Also a hoisting apparatus used on wharves 
or docks, consisting of two heavy struts like an inverted V. 

Shedder—A plate or ring operated by springs or by a rubber pad 
to eject a blank from a compound die. It acts as an internal 
stripper, and is sometimes known as an ejector. 

Sherardizing—The name given to a new process of dry galvanizing 
of any iron product. 

Shifter Forks—Arms to guide belt from tight to loose pulley or 
vice versa, by pressing the sides. 

Shim—A liner or piece to place between surfaces to secure proper 
adjustment. 

Shrink Fit—See Calipering and Fitting. 

Slip Washer—See Washer, Open. 

Slotted Washer—See Washer, Open. 

Slotter—A machine for planing vertical surfaces or cutting slots. 
The tool travels vertically. 

Socket, Grip—A device for driving drills and other tools with either 
a straight or taper shank. 

Sow or Sow-block—Local name for a chuck for holding work, such 
as dies. A ball chuck. : 

Spinning—The forming of sheet metal by rolling it against forms 
such as lamp bodies. Lathes are made expecially for this work. 

Spline—-Used in some sections in place of “key” and in others the 
same as ‘‘feather.”? See Key and Feather. 

Split Nut—Nut split lengthwise so as to open for quick adjustment. 

Spot or Spotting—Spotting is making a spot or surface for a 
locating point or to lay out from. Also used to designate place, 
turned for steady nest support, before turning balance of a shaft. 


Spring, Compression—A helical snring | 


which tends to shorten inaction. | 


Spring, Helical—A spring coiled lengthwise of its axis like a screw 
thread. Often incorrectly called a spiral spring. 

Spring, Leaf—A built-up spring made of flat stock like a carriage 
spring or locomotive driving spring. : | 
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Spring, Spiral—A spring wound with one 
coil over the other as in a clock spring. 
Usually of flat stock, but not always. 


f Spring, Tension—A helical spring which 
tends to lengthen in action. 


Spring, Torsion—A helical spring which 
operates with a coiling or uncoiling 
action as a door spring. 


Spring, Valve—A helical spring used on valve stems 
and similar places; each coil being smaller than 
the one below, in order that the spring may close 
up into a very small space and then have a con- 
siderable range of action. 


Sprue Cutter—A cutting punch for trimming sprues from soft metal 
castings. 

Square, Caliper—A square witha caliper adjustment for laying out 
work. 


") Square, Combination—A tool combin- 
ing square, level and protractor in 
one tool. 


Square, Center—For finding the center 
of a round bar by placing across the 
end and scribing lines in two different 
positions. Also used as a T-square. 
Not so much used as formerly. 


T-square—A straight edge with a head at one end commonl y used 
on the drawing board for drawing straight lines. It also forms a 
guide on which triangles are used. 


Square, Try—Small square for testing 
work as to its being at right angles. 


Steady Rest—A rest attached to the lathe ways for supporting lon g, 
slender work. 
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Steel, High-speed—A name given to steels which do not lose their 
hardness by being heated under high-speed cuts. Alloy steels 
which depend on tungsten, chromium, manganese, molybdenum, 
etc., for their hardness. 

Stocks, Ratchet—Die stocks with ratchet handles. 

Straight Edge—A piece of metal having one edge ground and 
scraped flat and true. Small ones are sometimes made of steel 

but large, straight edges are usually of 

cast iron, proportioned to resist bend- 
ing, and are used for testing the truth 
of flat surfaces such as plane ways. 

Strapping—A method of buffing by the use of a flexible strap or 
belt, usually made of cloth and covered with abrasive held in 
place by glue. * Runs over two pulleys or one pulley and a rod 
or plate, at high speed. 

Stripper—A plate placed over the die, in a punch press, with a 
gap beneath to admit the sheet stock and an opening to allow 
the punch to pass freely; upon the up-stroke of the punch it 
prevents the strip of metal from lifting with the punch. 

Stud, Collar—The collar stud forms a satisfactory device for car- 

rying gears, cam rolls, rocker levers, etc. 
It is often provided with a hole at the 

| end for a cutter pin or is slotted for a 

split washer, to retain the gear, or other 

part in place. 

Stud, Shoulder—A stud of this form is used for mounting levers and 
other parts which could be operated on a plain, unthreaded 

stud, which stud, however, cannot be 


conveniently set or removed when nec- 
essary. It is also a form of post or 
guide sometimes employed in machine 
construction for carrying one or more 
sliding parts. 

Stud, Threaded—See Bolts, Nuts and Screws. 

OI) ae Surface Plates—Cast-iron plates have sur- 
faces scraped flat for use in testing 
work. Should be made in sets of three 
and so scraped that each one has a per- 


fect bearing with the other two. 


Swaging—Changing the sectional shape of a piece of metal by 
hammering, rolling or otherwise forcing the particles to change 
shape without cutting. 


Swaging Blocks—Blocks of cast 
iron or steel to assist blacksmith 
in swaging and bending iron to 
various shapes. Ais for use in 
the hardy hole in the anvil, 
can be used anywhere but is usu- 
ally on or beside the anvil.- ~ 
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Swaging Hammer—A connection with 
the swaging block to swage metal to 
the desired size and shape. 


Swaging Machine—A machine for reducing, tapering or pointing 
' wire or tubing either between rolling dies or by hammering with 
rapid blows between dies of suitable shape. 

Sweating—Another name for soldering. 

Swing of a Lathe—In the United States the swing of a lathe means 
the largest diameter of the work that can be swung over the 
ways or shears. In England it means the distance from lathe 
center to the ways or one-half the U. S. measurements. 


4M 


Take-up—Name given to device for taking up slack in belt or rope 
drives. 
Tap—Hardened and tempered steel tool for cutting internal threads. 
Has a thread cut on it and flutes to give cutting edges. 
Tap, Echols Thread—This form of tap has every other thread cut 
away on each land, but these are stag- 
gered so that a space on one land has 
a tooth behind it on the next land. 
This is done for chip clearance. 
Tap, Hob, Sellers—Has threads in center 
and numerous flutes. For hobbing dies 
and chasers. 


Tap, Patch-bolt—Tap for boiler makers’ use in patching boilers. 

ae Sizes vary by sixteenths from } inch 
to 1; inches. All threads are 12 to the 
inch and taper is ? inch per foot. 


Tap, Pulley—Tap with a long shank to 
—————— reach the hub of pulley for tapping 


set-screw holes. 


Tap Remover—Device for removing broken taps. Usually have 
_ prongs which go down in the flutes and around the central 
portion. 
Tap, Staybolt—Tap for threading boiler sheets for staybolts. A 
reams the hole, B is a taper thread, C is straight thread of right 
> size, D square for driving tap. All stand- 
SSS ard staybolt taps have r2 threads per 
D re B A inch, 


‘ap, Step—Tap made with “steps” or varying diameters. Front 
end cuts part of thread, next step takes out more and so on to 
the end. Only used for heavy threads, usually square or Acme. 

Capped Face-plate—Having a number of tapped holes instead of 
slots. Studs screw in at any desired point, 
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Tapping Machine—For cutting threads with taps (tapping) in nut 
or other holes. 


(0) Toggle—Arrangement of levers to mul 
ee tiply pressure obtained by makin, 
(0) movement given to work very muc! 

less than movement of applied power 


Tool, Diamond—Black diamond set in metal for truing emery o 
other abrasive wheels. Also used for cutting metal. 


Tool Holder, Lathe or Planer—A body or shank, adopted to hol 
small pieces of tool steel for cutting tools 
- These can be removed for sharpening o 
renewal without moving the holder an 
saves resetting the tool to the work. 

Tools, Inserted Cutter—Holders in which are held small steel cut 
ting tools. These are usually removed for grinding or replacin 

when broken or worn out. Now made of high-speed steel. 
Tool, Knurling—For roughing or checking the outside of turne 
work so it can be readily grasped by hand. The tool is a whee 
with the desired markings cut in th 
edge and hardened. It is forced agains 
the work and actually forces the meta 
up into the depressions in the whee! 
Most knurls are held in the end of 
hand tool but for heavy knurling the 
are made to go in the tool post as showr 
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TOOLS, LATHE 


Left-hand Side Tool imo 


Right-hand Side Tool 
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Left-band Diamond Point Right-hand Diamond Point 
Se 
Bent Right-hand Diamond Point Half Diamond Point, B.H. 
Sc 
Round Nose. Water Polishing Tool. 
Straight Cutting-Off Tool. Bent Cutting-Off Tool. 


Straight Threading Tool. 
Bent Threading Tool. 


Inside Boring Tool. Inside Threading Tool. 
Bull Nose Tool, Finishing or Necking Tool. 
Scaling Tool. For Trueing Up Centers, &c. 


TOOLS, PLANER 


= aaa 


Left-hand Side Tool Bight-hand Side Tool 


Sal 


Left-hand Diamond Point Tool. 
Bight-hand Diamoad Point Tool 


= 


Bull Nose, for Heavy Cuts. GoaaeMoreraoh 
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: ae Scaling Tool. 


Broad Nose or Stocking Tool. 
| ee 
a 


Left-hand Siding Tool- 


Right-hand Siding Tool. 


Catting-Off Tool 


For Finishing in Corners. 


Right-hand Beyel Tool. 
Left-hand Bevel Tool. 


Ss 


For Smoothing Wrought Iron or Steel, Smoothing Tool for Cast lron 


TOOLS, PLANER AND SLOTTER 
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Tote Boxes or Pans—Pans or trays, usually of steel, for carrying 
or storing small parts. 

Train—A series of gears, as the feed train of a lathe connecting 
spindle with lead screw. Also applied to series of levers. 


Trammels—For drawing large arcs or 
circles or for laying out center dis- 
tances. Frequently called “trams.” 
Fit on a beam and their capacity 
depends on the length of the beam. 


Trepanning Tool—Tool for cutting an annular groove outside or 
around a bored hole. 

Tripper—Device that trips any piece of mechanism at the desired 
time. An example is found in conveyers where the tripper 
dumps the material at the desired point. 

Tumbler Gear—An intermediate gear which meshes in between 
other gears to reverse the direction of the driven gear of the train. 


co en Turn Buckle—Really an elongated nut for 
se sa connecting and tightening truss rods, tie 

Stub End rods, etc., used in construction work. 
Some have right- and left-hand threads 


@| imme Pe) ag At top. Others thread in one end 
only. 


Hook and Eye 
Tuyere—The pipe or opening into forge through which air is forced. 


V 
Vise, Drill—Vise for use on drill press to hold work being drilled. 


Vise, Hand—A small vise to be held 
in the hand. For small work that 
requires turning frequently to get at_ 
different sides. 


Vise, Jig—A drill vise with arms which carry bushings so that _ 
pieces can be drilled in duplicate without special jigs for them. | 

Vise, Pin—Small hand vise for holding small wire rods. 

V’s—Ways shaped like a V, either raised above the bed as on a> 
lathe or cut below as in a planer, for guiding the travel of a car- 
riage or table. ‘ 


WwW 


Washer, Open—Washers with one side open so as to be removed 
or slipped under the nut to avoid necessity of taking the nut 
entirely off. Also called a ‘“‘C”’ washer. 
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Watt—The unit of electrical power and equals volts multiplied by 
amperes. 746 watts are equal to 1 horsepower. 

Ways—The guiding or bearing surfaces on which moving parts 
slide, as in a lathe plane or milling machine. The ways may be 
of any form, flat, V or any other shape. 

Welding—The joining of metals by heating the parts to be joined 
to the fusing point Welding in an open fire is usually confined 
to iron and steel but nearly all metals can be joined by electric 
or oxyacetylene welding. . 

Wind—Pronounced with a long 7 as in “mind” and refers to a 
twist or warping away from straightness and parallelism. 

Wrench, Bridge Builders’—Large heavy wrench with a hole in end 
for a tackle to apply power. 


WRENCHES, MACHINE 


A yariety of wrenches are illustrated herewith, and the usual 
name given, 

A 15-degree angle opening permits the turning of a hexagon 
nut completely around where the swing of the handle is limited to 
30 degrees. 

A 223-degree angle opening permits the turning of any square head 
bolt or screw completely around where the swing of the handle is 
limited to 45 degrees. 

Unfinished drop-forged wrenches are plain forgings, with openings 
milled to fit the nut or screw on which they are to be used. 

Semifinished wrenches are milled to fit the nut or screw on which 
they are to be used and case hardened all over. 

Finished wrenches are milled to fit the nut or screw on which they 
are to be used and are ground, polished, case hardened all over, lac- 
quered, with heads bright. 
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WRENCHES—Continued 


s)- ap Ramer) Tool 2 


Single End, Hex. 
Double End, Hex. 


15° Angle, Single End 


15° Angle, Double End 


224° Angle, Double End 


S — 224° Angle 


Single End, Set Screw and 
Machine 


Double End, Set Screw 
and Machine 


“Box’’-Tool Post 


Hex. Box, 15° ———_ 


Cre 
Chuck 


Pin-face, For Round 
Nuts Having Holes in 
their Face to Receive 
the two Wrench Pins 


Cm 


Hook Spanner, Milled 
out to suit Round Nuts 
Having Notches in the 
Periphery to Receive 
the Hook at the End of 
Spanner 


a 


Pin Spanner Used on 
Round Nuts which 
have Holes in the Per- 
iphery to receive the 
Spanner Pin 


Triple Set Screw. 


Socket 
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WRENCHES, MISCELLANEOUS 


f 
Monkey or Screw Stillson Pipe 
ar aa 

Pocket Adjustable Vulcan Chain Pipe 
YO TS eS 

General Utility Pipe Tong 
= 

Construction Track 


Wrench, Tap—Wrench for holding and 
turning taps. Usually made adjust- 
able for different sizes. 
Wringing Fits—See Calipering and Fitting. 
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\lloys, fusible and solders 158-150 
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Angles, calculating....... 836-848 
Angles, laying out........ 587-836 
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Axles and crank pin turning.... 828 
Axles; press: fits wis, vse « sake Heiogl 
B 
Bakelite..... 723 
Baker keys 557- 558 


Ball bearings, New Departure 612 


Ball bearings, S. K. F 613-614 
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Basic thread dimensions. ..... 122 
Bath for hardening....5...... 684 
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Bolt heads, stock required for 648 
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Cams for screw machines 
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Circular and diametral pitches. 172 Cutters for spiral gears........ 208 
Circular arcs, length of........ 626 Cutters for sprockets.......++- 229 
Circular forming tool,........ 384 Cutters for twist drills........ 208 
Cireumferences of circles.. 776-787 Cutters, milling, action of..... 231 
Circumferential divisions for Cutters, milling side teeth in 
indexing. . os 209 
Circumferential speeds. . "664-668 Cutters, screw machine... 379-390 
Classification of thread fits, 38-81 Cutting and turning table for 
Clearance between blanking ear Dlanlose ies wie ee ANS 183 
punch and die... 6.0... 418-421 Cutting and welding, oxyacety~ 
Clearance for punches AP Ty Ae 10 VEO edie cocaherd « olan 160-164 
Clearance for wrenches....... 10 Cutting) arc.issscicsus. 164-167 
Clearance or relief, die. . V2 433 Cutting compound for drilling 
Glearance table for reamers.... 369 hardiatesl i.) 0c euk aemnek eb, 
Coach or lag screws........... 714 Cutting lubricants, .......... 24 
Coil springs, heat treatment... 692 Cutting multiple screw threads yi 


Coinage, alloys for. , iene ee 
Cold finished shafting. . Sy eater Se 
Cold saws. 
Collar head screws,... 00+. 00+, 
Colors in case hardening 
Colors in tempering steel 
Colors of heated steel. . 

Sommon weights and measures 


741-746 
Sommutator soldering........ 157 
Somposition BOATS... .eeee ses 21 
Sompound, iia for drilling 
hard steel...... 128 
ages a units, “equivalents | 
(oii 4 briebe-P4 OR eS RO oD 
Sonstants for chordal pitch of a 
SUIT ROBTE Nd ifansies tas s's°. 173 
Constants for radius of spur 
BOMB errr e cere rere n eres 173 
Conversion factors for water, 
‘metric and English......... 754 
Sonversion tables, English and 
metric, . . 745-746 
Sonversion, ‘tables, temperature 
703-70 
Sooling hot bearings.......... 67 


Sopper UOOM icy tk pane yee 4II—717 
Zopper and brass, ‘tolerances on 714 
Jopper sheets, thickness of.... 651 
Dotter ping........,+++++ 465- 407 
Sotter pins, brass, aeronautic.. 820 


<ounterbores with DUOTB) viv 3. O1L 
pauline nuts, punch, U. S.° p 
cael SASH DERE 2 


Souplings, fire hose, gages By 110 
Jouplings, fire hose pacar, 108 
crank pin grinding..........- 377 


rank pin press fits.......... 831 
crank pin turning......;-- 828 
Sross-sections, for materials... 634 
srown taps, Waltham........ 144 
Sube roots..,..... Vheess 704-775 
aubes 0 numbers.....,.. 104-775 
dutiter dimensions, milling. . 30L 
tooth B. & S, involute gear 
‘utters for bevdl gwears......'. . 196 
ae for block-chain sproclc- 
ouaae 


Nites for Suing. aawe 
‘utters for milling cutters 
‘ 301-309 


Cutting screw threads......... 


Cutting speed of planers...... re 
Cutting speeds and feeds, gear 217 
Cutting eperee: OCR IY ocr nate 317 
Cutting threads, lathe gears i 
2,4,9 
Cutting time, constants fOfs. swe 
Cutting worms in lathe....... 9 
D 
| Decimal equivalents of frac- 
| | HONE vies a5 752-753, 750-761 
Decimals of nominal drill sizes 
L18-121 


Definitions, serew thread parts 35 
Degrees in opening two-foot rule 630 
Diameter, finding without 

CUNGCT eee ee el 8 
Diameters, jewel le i WRK 
Diameters of circles....... 
Diameters, shell blank...... } 
Diametral and circular pitches 
Diametral pitch worm, cutting 

Thi lathe: ssa MWR 9 
Diamond lang. «ii: Jb en 364 
Diamond powder for lapping... 363 
Diamond tipped turning tools 329 
Diamonds for wheel truing.... 333 
Dictionary of shop terms 889-057 
Die and punch allowance..... 409 


Die and punch clearance...... 410 

Die castings, properties and 
iba h hn: Sei Car meer ieee SRE era ne 700=721 

Die clearance or felief\:.iy... 423 


Die sizes, spring screw machine 382 
Dies and taps, screw machine 381 
Dies, chamfer on.......-...+. 14t 
Differential indexing......\.. . 209 
Dimensions, miter gears.. 102, 193 
Dimensions, standard tap 120-145 
Dividing circles. . . 587, 618-620 
Dividing head, milling cams 
MLB sind ha aitnd ) eyes eatn tem 243 
Double acting sub-press.. 422 
Gere chain slings, safe load 


7 
Double depth thread dimen- 


GLOMB EE Tire etew treaty Neer Spey 142 
Douzieme,......... HPAL i.e A 145 
Dovetail slides and gibs....... 583 
Dovetails, measuring. ........ 585 


962 


PAGE 
orig pins, drills and reamers 


OT arses cee ean cAI LR Te 125 
Draft in forging dies.......... 731 
Drawings, cross-sections for 634 
Drill bushings. ..-.-.-->+ 600-601 
Drill sizes for pipe taps....--. 97 
Drilling machines, speed and 

feediforidnesd:: siti pts © fore 127-128 
Drills for machine screws.....- 430 
Drills for taper pins. ...-..-)- 577 
Drills, twist. (See Twist 

Dells) iiaiatisaurua eomeaen 112-129 
Driving wheel tires, thickness of 829 
Drop forging dies, draft in. . 731 
Drop forgings.....+-+-++> 730-733 
Duralumin......-. sete pape + ae 723 
Dust exhaust, grinding....... weave 

E 
Effect of alloys in steel.......- 688 


selection of 


Electric motors, 


Electric soldering 
Electric welding. . 
Electrical power 


Elgin watch screw taps.....-. 143 
End lengths, drill..........-- 126 
Bud naills o 5) sect hte eles, nines vd 301 
Engines, airplane clearances 


and tolerances.......-+;+++ 


0. 
English and metric multipliers. 754 , 


Equivalents of compound units 746 
Estimating casting from pat- 


PEPIN scbecs nace facuasoecenesaity test _.. 630 
Estimating time for turning 
316-326 
Etching acid... 26 - rene ences 683 
Byerduts sis) vciceies ee ieee 724 
Exhaust for grinding dust..... 372 
Extra fine thread fits...... sap 409. 
Eye bolts, open.....----+++++ 476 
Bye bolts, safe load for,.....-. 739 
Eye bolts, solid.......---++++ 477 
Eyes for cables, aeronautic.... 817 
F 
Face plate for multiple thread 
CptHiNg 0 pecs ee es oss pete 
Faces of grinding wheels, stand- 

Ts etre cows owerenaiais Siete Seve, «imix 55 
Farmers drill. 22.6 e eee 116 
Feed and speed for drilling 

machines..... wom tanarbigte . 127-128 
Feed of twist drills.........+., 114 
Feeds and speeds, screw 

machines... 0.2 sate eee 394 
Fellow's geats.....- We taiPaaticah! 181 
File tooth spacing........-.++ 147 
File, when cuts best.......-+. 150 
Biles Jn teeaiacthagahs acta eis iets 146-150 
Files, standard shapes......-- 149 
Fillets, weight of .........++5 631 
Fillister head machine screws.. 438 
Finding diameter without 
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Fire hose coupling screw thread 108 
Fire hose couplings, gages for.. 110 
Fits, British standards.... 542-552 
Fits, classification of........-. 510 
Fits, extra fine thread 
Fits, force.........-- 521,527, 533 
Fits, force and shrink 527,529, 533 
Fits, of TOC «4 <n.» pcnere eee SME 513 
Fits, grinding limits for... 540-541 
Fits in locomotive repair work 834 


Fits, loose... . se yenee es aE 512 
Fits, medium.......-s005e0+: 514 
Fits, running and driving..... 495 
Fits, screw thread........:> 38-85 
Fits, screw thread terms...... 36 
Fits, Snug... 2.08) sun caine 515 
Fits, standard. . 7 


Fits, summary of.. ci 508 
Fits, tight........ 519 
Fits, wringing......s0.+aass« 517 
Flanges for grinding wheels.... 350 
Flat-head machines screws.... 438 
Flat steel, weight of........-. 48 
Flutes in cutters, reamers and 
OS a nals ca cat oa pheaie en aNe +. 301-306 
Fluxes, soldering,.....-.- 154-155 
Force fits oo... + +s 521,529, 533 
Forcing fits for crank pins an 
QX1ES «c's -o oe tare ie nace 31 
Forcing fits for piston rods.... 832 
Forging dies, draft in......... 731 
Fork ends, for cables, aero- 
NAGQUPIC,. «a. si shes. pea . 817 
Forming tools, circular........ 384 
Forming tools, screw machine 
383-387 
Forms, thread... ..--+++ “Re aE 
Formulae for gearing..... I70-171 


Forty-five degree spiral gears 
200-202 


° 
Fractions, decimals and milli- 


Meters... eee reese ene ee 749 
Fractions, prime number...... 755 
Fusible alloys, composition of 

3 _ 158-159 
Fusible alloys, melting point of 159 

G 

Gage for sheet steel....-- 640-641 
Gage, sheet zinc... ....+: 651-652 
Gage sizes, twist drill........- 635 
Gage, Stubs’...,-+0.+5+5 635-63 
Gages, British standards for 

pipe threads.....--+-.+;+. 105 
Gages for different materials 651 
Gages for hose couplings-..... 110 


Gages for oil well casings 104 
Gages for pipe threads, and | 
: 


tolerances..... Per me PES | 
Gages, plug...--+-+++++5 535-39) 
Gages, TIng...--- esses errr 53 
Gages, SWAP... - sess certs 53! 
Gages, specifications for,...... 53: 
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Gages, types Of... 6. see 506 Group driving of machines.... 673 
Gaging, definitions........... 595 Guards for abrasive wheels.... 372 
Gas engine horse-power....... 653 H 
Gashing angles for worm wheels 221 
Gear blank turning and cutting Hacksaw acon ee sa ke cee 314 
RRM seis teeta oo: ase, amen 183 Hammers, steam......... 730-733 
Gear blanks, spur............ 178 Hand tap, dimensions........ 130 
Géar cutters, bevel........... 196 | Hand tap tolerances...... 131-140 
Gear cutting speeds and feeds 217 Hand wheeéls!). foe ere eed. 604 
Gear dimensions, metric pitch 190 MAG NGOS pe 0.2 s cc ween 606-608 
Gear dimensions, miter...192, 193 Hard soldering,-:.:c/ciec cack + 160 
Gent Speeds os ee 663 Hardening bath........5..... 684 
Gear teeth, actual sizes of..... 179 Hardening, case..... WRF ty eats 692 
Gear teeth and parts......... 169 Hardness test, Brinell..... 706-707 
Gear teeth, block indexing 188, 189 Hardness test, Rockwell....... 708 
Gear teeth grinding........... 217 Hardness test, Scleroscope..... 708 
Gear teeth, shapes of......... 169 Hardness tests of steel.... 706-711 
Gear tooth cutters, B. & S. Harvey grip track bolts....... 479 
MONG. A ee as ate aks 188 Heads of cap screws.......... 446 
Gear wheel tooth parts 174-177 Heads of machine screws...... 438 
Gear wheels: 2 i/:s:55.-. 174-177 Heads of set screws........... 447 
Reming ts eS. 160-229 Heat treatment of automotive 
Gearing formulae........ 170, I71 SECCIS an Serco e eters 608-702 
Gearing pressure angles....... 180 Heat treatment of spring steel. 691 
Gearing, tolerances........... 212 Heat treatment of steel... 681—7o2 
Gears, bevel............. 194-199 Heating methods for steel..... 681 
Gears, Composition........... 217 Helix angle of screw thread.... 5 
Gears, Fellow’s.......... 181, 182 Hex head bolts, S. A. E....... 460 
Gears Paso spiral... ic cee 201 Hexagon, properties of........ 852 
Gears, lathe for cutting threads High-speed steel.............. 686 
2,4,9 Hobs, worm wheel....:....... 20 
Gears, pitch diameter of.. 184-187 Mollowsedrills. 28 sts cates tee I17 
Gears; Spiele... DP 200-212 Hollow mills, serew machine... 380 
Gears, spur, chordal pitch and Honing automobile cylinders... 378 
WARNS DES atte ie oe ets 173 Hook bolts: «0.3.22 LB 6 
Gears, spur, measuring by pins Hooks, ceiling........ 
IQT, 192 Hooks for belts 
Gears, stub-tooth........ 181-182 Horse-power, gas engine, steam, 
MOTHE MTC CH ts cs eye Ne he 724 ClO sic caddie dice cs ween Ae am 653 
General reference tables... 741-793 Horse-power of shafting....... 662 
German (Lowenherz) thread... 83 Horse-power, S. A. E......... 653 


Gibs and dovetails, tables of... 583 
Grading list for grinding wheels. 348 
Grading of wheels....... . 340-348 
Grading steel, spark method... 705 
Grain and grade of grinding 


AGRI oO tne re ee 333 
Grinding allowances.. 357,358, 404 
Grinding, centerless.......... 371 
Grinding crank pins.......... 377 
Grinding cutters and reamers 366 
Grinding gear teeth........... 217 
Grinding, limits of........... 540 
Grinding twist drills.......... 113 
Grinding wheel guards........ 372 
Grinding wheel mountings..... 352 
Grinding wheel selection...... 335 


Grinding wheel standards. 349-355 
Grinding wheels, arc of contact 335 


Grinding wheels, care of...... 352 
Grinding wheels for different 
OS Nec Ean dee 341-347 
Grinding wheels, speed of..... 337 
Grinding and lapping..... 332-378 
Grit and bond of grinding 
MUIR IS SIME k's apg 5-3 oe os a ee 332 


Ground thread tap tolerances 
138, 139 


Hose coupling standards, fire... 108 


Hot bearings, cooling......... 676 
Heét-dip tinning. ..:/25.6.00.9 684 
Hub: belts. 7 F206 00S8, Fees 458 
I 
Identification symbols of threads 37 
Illinois Zine Co. gage....... . 652 
Inches and millimeters.... 747-750 
Indexing angles.............. 206 
Indexing, differential.......... 269 
Indexing gear teeth, block, 188, 189 
Instrument screws.......- 471-472 
Interchangeable manufacture 
495-498 
Interference bands........... 500 
Internal grinding wheels, stand- 

ALG G ccy pn ee. Stee whee . 349 
International (metric) thread.. 82 
Involute gear tooth cutters, 

JD BYLe aS RRC ECAC ee gerne cr cca 188 

J 
Jam nuts, heads of........... 450 
Jewel setting diameters........ 145 
Jig bushings..+>o. 5.05). 600-601 
Jig parts, standard........... 600 
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ig SCLOWSy/1 5x leona ole’ earivlrbs ars 602 Machine screws, American 
straps. sity slated shes 4X6 Wl DOT 603 Screw: Co....: swmletiepaien see Age 
We: hers drills . aia ipicieok: 116 Machine screws, A. S. M.E... 43 
Machine screws, drills for..... 43 
K Machine tools, power required 
sx ; 669-676 
Kennedy key... Machining locomotive rod ends 835 
Key; Baker). viweiererst staged Machinists’ drills. ;cu:ssrambinatn 116 
Key ek proportion of...... 563 Magnetic chucks....:::. sjssbiqicints 358 
HOV IRCNMEAY:, «cy vvin vp cuenta ty 565 Manufacture, interchangeable 495 
Key, Nordberg..:)......ssisizailenn 5 565 Measurement, screw thread 17-22 
Key standard for milling cutters 300 Measurements, optical for 
Key stock, standard.,........ 560 threadsis..onulo fears 33 
Keys and key seats. .. 557-558 Measurements, thread angle 23 
Keys, Pratt & Whitney ak aaa 561 Measurements, three-wire screw 
Keys, taper for. . aiiwd adeusieper SO thread. :... sa b-cien besten 22-33 
eys, Woodruff..... »» 553-5506 Measurements, watchmakers’ 145 
eyway depth, total. 564 Measures and weights. ... 741-7406 
t €:Yo) | ACER PRS akin Dekel 605 Measuring Acme 29° thread... 17 
Knots and slings......... 734-740 Measuring Brown & Sharpe 29° 
WOTT «35 2:0) «\'e-e1018 x-5, elie 18 
L Measuring dovetails.......... 585 
Measuring metric threads... 27, 30 
Lacing belts,.......++ tid geusud 660 Measuring spur gears by pins 
Lag screws.... ¥ 474 a 192 
Bappings avin soacthidane sachs 350 Measuring tapers,........+ iieute|s500. 
Lapping, abrasives for........- 365 Measuring three-fluted tools... 493 
apping piston pins,.........- 377 Measuring with light waves 
Lapping plate....0-.-. 0+ ee es 359 $ i 499-504 
Lapping rings and plugs....... 3602 Melting point of solder.,...... 159 
Lapping, tests Of iss sinuses 365 Metal fits: e.. seman cuhbe iene 504-542 
Laps for holes.......,. J) 360, 361 Metals, fluxes for soldering.... 154 
Lathe and boring mill time,.,. 320 Metals used in die castings.... 719 
Lathe gears for cutting threads 2, 4 Metric and English conversion 
Laying out angles...........- 587 tables |...:.cts aki «ee 745-746 
Laying out regular polygons... 849 Metric (International) thread 82 
Laying out spur gear blanks... 178 Metric pipe threads...... waa LOD 
Laying out square corner. . 631-632 Metric pitch gear dimensions.. 190 
Leads of spirals... .cccecseye 237 Metric system........+.. 7A4-751 
Leather belts. i.e. oe sine 655-658 Metric threads.........% NR Ae 6 
Liberty engine clearances.,.... 803 Metric threads, measuring 27, 30 
Light waves, measuring with Micrometer caliper, serew y 
‘ 490-504 i oby ste BY Purgpneyt ann me: 17 
Dagnie ars chat ceetepieniie anise 145 Micrometer, correcting » pitch 
Limit gages, specifications .... 533 diameter for. wjcvs-sueeeees 33 
Limits, British standards 542-552 Micrometer, how to read...... 492 
Limits for grinding) oy. 000. cs 540 Millimeters and inches.... 747-750 
Line shafting, power and speed 662 Milling and milling cutters 230-315 
Linear units, comparison o 751 Milling cams with dividing head 243 
Link Belt silent chain data. 223 Milling cutters, power required 
Locomotive frames, welding. . 651708 | AAD Yesnnped~ Gee arenes 233 
Locomotive repair fits. rine OBA Milling cutters, types of 233-236 
Locomotive rod ends, machin- Milling heart cree cams,../. 242 
Br waa sajensette latetate Srsabtaters 835 Milling machine arbor keys 300 
Locomotive shop data..., 823-835 Milling machine speeds and 


Locomotive work, tapers used 834 


Loops for eines work,.. 811-813 
Lowenherz (German) thread... 83 
‘Lubricant for press tools. ..,.. Aas 


Lubricants for cutting. ....... 324 
Lumber, estimating for pattern 630 


Machine bolts... i. sil ents +. 461 
Machine handles. ...........5 08 
Machine screw heads..... 438-442 


Machine screw taps, tolerances 140 , 


FEOS «poem toners tee Ty omaefees A> 
Milling side teeth in cutters 299 


Milling squares irae round 
BECK 64 iss, tected ie . 208 
Milling twist drills. Meares 
Mills, hollow screw machine, ... 380 
Minimum thickness of-tires... 829 
Miter gear dimensions,... 192, 193 
oly peruse steel... sn..s koi y O87. 
Mond, “seventy”. .4.u. lens 7125 
Monel... wail ss 2a eae nee 725 
Morse chain and sprocket data 225 
Morse, taper...iccssees 5737574 
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Motors, selection of...... 677-679 Pipe and pipe threads, drill sizes 
Mounting grinding wheels..... 352 MOL Wat cn aiateny « auouiy ists ocak 97 
Multiple thread cutting.....-. BB Pipe and pipe threads, gages for 87 
Multipliers, English and metric 754 Pipe and pipe threads, length of 
Music wire, tables of.......-+ 640 Spied Mente, het. ae eee 86 
Pipe and pipe threads, lock nut 
N ulebiecyol\-bnbatae Ascii pre 98 
Pipe and pipe threads, metric. . 108 
National (American) screw “Pipe and pipe threads, oil well 
SANG) ate Manat «Ssh, 2 ac.e pa) 5 ES GAGITR a tats taleva ts %e rule iy nee ete 99 
National wood screws......... 473 Pipe and pipe threads, straight. 96 
Natural functions, tables of Pipe, dimensions of 92, 94, 96, 97, 
853-887 " 99, 106, 108 
awe. bronzes........-.. 711-712 Pipe taps, dimensions and 
New Departure ball bearings 612 ‘tolerances..)....-. 
ISG eater tet Ry a 727 Pipe threading 
PNMCISCL SLCC Ly asic! cs. + = Fie, np prt 688 | Pipe threads, American stand- 
Niter bluing steel.......--.-- 683 (Piilsl ee ipaer enaiorp Hop rte 
Nordberg key.....:--5-+sc005 565 Piston pin grinding........... 377 
Nut tap dimensions.. 133, 135, 136 Piston pin lapping........... 377 
Nut tap tolerances... 133, 135, 136 Piston ring data..../,........ 654 
Nuts and bolts, aeronautic Piston rod fits! 252.520). 0m 832 
804-808 Pistons, aluminum and cast iron 
Nuts, cold punched........... 454 : f 800-802 
Nuts, hot pressed.........--- 454 Pitch diameter, correcting for 
Nuts, stock required for....... 628 ‘micrometer........0s-0+ ses 33 
Watt ep Give eie een see rte s 608 Pitch diameters for standard 
{BEATS ws 2 the we eS 184-187 
Oo Pitch, metric, dimensions. ,... 190 
i Pitches, circular and diametral 172 
Octagon, properties of........ 852 Pitches, spiral gear....... 204-207 
MOET eos ie) apessie acsbeinpcnsinn yy II7 Planers, actual cutting speed. . 627 
UCU CASING io iicie ss fee lee se 103 Plates, metal, weights of....... 642 
Wal WEN GDIOEs nice «ise © epeyueie 5 99 Plug gages ore) He 2. tht. 535-536 
Oilstones and their uses....... 375 Points of set screws... 
Oilstones, care of....,....:.--- 376 Polishing wheels. ..........05- 
Oilstones, shapes of........... 376 Polygons, regular, laying out.. 849 
Open end wrench openings.... 453 Power of shafting...........- 662 
Optical measuring of threads.. 33 Power required by machine 
Oval head machine screws..... 440 HOOIS .ve:. 2018 1K sales AP oboe 660-676 
Oversize pistons and rings..... 802 Power required by milling 
Oxyacetylene welding and cut- CUtBERSE BUL cy MEN ne UA, MRR 233 
PEM AA eka hacer e eysre sees 160-164 Power required to remove metal 674 
Pratt & Whitney keys:....... 561 
24 Press fits for axles and crank 
PINS wes Ptihee e At atae e Nara 831 
Pallet stones, thickness of..... 145 Press fits, general. ... 521, 529, 533 
PARES HIRCOL 0) x soe cw eciee wie ee eye 169 Press tools lubricant........-- 423 
Parts, screw thread........... 35 Press tools, punch.......- 405-427 
Pattern, estimating lumber for 630 Pressure angles of gears....... 180 
Pendant taps, Waltham....... 144 Pressure for piston rod fits.... 832 
Personal factor in grinding. ... 338 Pressure required for punching 
Physical properties of alloys 416, 426 
716-718 Pressure required for shearing 
Pickling bath for cast iron..... 146 417, 426 
Pilots in counterbores......... 611 Prime number fractions....... 755 
Pins and washers, British..... 484 Properties of regular figures 851-852 
PAMBMROUDEL toa snc). ve. s - -j;sis. 405, Proportion of worm threads... 220 
Pins, rod end. . 465 Protection flanges for. grinding 
Pins, taper.... wheels, Athos, Ai Fe. ae 350 
Pins, taper, drills for......... 577 Pill Hroaches..»... 7... steer els 431 
Pipe and pipe threads..... 86-I1L Pulley tap tolerances.......... 131 
Pipe and pipe threads, Briggs Pulleys, cable, aeronautic..... 820 
PAA eines Cars ite «= Pulleys, speed of..........5.- 663 
Pipe and pipe threads, British Punch and die allowance..... . 400 
PEGMOEC Cs. bib sctiecns wore. s Ios Punch and die clearance. ..... 410 
Pipe and pipe threads, diameter Punch and die clearance, blank- 
OE taper tnread. ... fost 86 EP crcrsevnve WOR ete 418-421 
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Punch bushings, U. S. Navy 425 
Punch coupling nuts, U. S. 


WNavye oreo che tee iarcat 426 
Punch press tools........ 405-427 
Punches, types of.........--- Ail 


Punches, U. S. Navy standard 425 
Punching, power required for.. 673 


Punching, pressure required 
“Ret te Mop re pet Pence 416, 426 
Q 
Quadruple thread cutting...... 7 
Quenching steel... . 0... ceeees 683 
_ : 
Racks, cutting on milling 
machine, ...... jee He reels 291 
Railroad shop data....... 823-835 
Reamer clearances, tables for 
368-369 
Reamer grinding...........-- 366 
Reamer speed, screw machine 402 
Reamer, taper)... +)... suaiesererre 575 
Reamers and drills for dowel 
2d ot neh eee Py SOT 125 
Recalescent point in steel..... 689 


Reciprocals of numbers. .. . 789-793 
Regular figures, properties of 

85 shee 
Relief or clearance, die........ 
Repair work, fits in locomotive fee 


Reght trangles. waosie ses teins 6 
Rigid terminals, aeronautic 
Ring Capes issishie «3 e pmcere tice 537 
Rings for pistons......... 
Rivets, lengths of............ 
Ravets,.U\ Oo, Navy. 3: --cter 
Rockwellstast 2)... fiedetues -«/ 708 
Ree oe locomotive, machin- 
Sabnerh eee OS De siete Waster hs 835 
Rods, welding ssit sci oe 163 
Rolled threads.......+.-.-+-- 33 
Roller transmission chains..... 227 


Roller-chain sprockets, cutters 


Ropes and chains, safe load for ae 


Round end keys..........-+- 561 

Round head, machine screws.. 442 

Round hole broaching........ 429 

Reoume fits. 26 oa te. scsi sin 495 
Ss 

S. A. E. power rating......... 653 


S. A. E. standard screws, bolts 
and mutsc Jini. ees sal. 2 455-465 
Safe loads for eye bolts and 


UANTISS a oo cam te iaiete x SS 739-740 
Sand blasting. os en STE 
Saws, cold...... oes sz2 
Saws for metal........... "309-315 
Saws, slotting and slitting. 309-311 
Scleroscope test............-- 708 


Screw heads, cap and set 446-447 
Screw machine cams...... 245-263 
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Screw machine cutters........ 390 
Screw machine tolerances..... 404 
Screw machine tools, speeds and 


feedsixissksn «hte yatta + 379-405 
Screw thread micrometer...... 17 
Screw thread, sizes........-.. 34 
Screw threads... /i./75. cosa 1-85 
Screw threads, Acme 29°. 10, 15 
Screw threads, Acme® tap.. eee 16 


Screw threads, American pipe 86 
Screw threads, American stand- 


BID yet dees ee I, 34 
Sctew threads, British Associa- 
5 (oy Wao s SET oN ete mos -» 80-82 


Screw threads, British pipe.... 105 
Screw threads, British Standard 
Whitworth... eee. Beit hier) | 
Screw threads, B. & S. 29° worm 10 
Screw threads, Buttress....... 82 
Screw threads, classification of 
se 
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Vv 

Van Keuren, H. L........., 22-29 
Ww 

Waltham Watch Co.........% 144 

Welsh, TABS. ov iietotad ines 585, 

Whitney Mfg. Co.:....... 553-556 

Winslow,! i Bwik. oniahnnan nia 629 

Woodworth, J. V...., Hackers 423 
Z 


Geh, Box Wera.ette ae ae 405 
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